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COMPUTER SOFTWARE FOR RAINFALL ANALYSES
AND ECHO TRACKING OF

DIGITIZED RADAR DATA
by
Stellan Sven Ostlund
ABSTRACT

This paper describes computer software
designed for digitized radar data. Program pack-
ages include a scan-conversion from a polar to a
Cartesian grid system, a rain summation analysis
over selected areas within the whole area, and an
echo tracking program which calculates total rain-
rates and rainfalls from isolated echoes matched from
frame to frame. All the results may be drawn on a
pen plotter for easier interpretation.

To avoid confusion, four definitions should be
madle as follows:

1) Rainrate refers to rainfall rate at a point,
measured in mm/hr.

2) Volume rainrate refers to rainrates inte-
grated over an area to give rain volume per
time (m®/hr or mm-sq mile/hr).

3) Total rainfall is rainrates integrated over
time to give depth of rainfall (mm}.

4) Total volume rainfall is rainrates integrated
over both time and area to give volume rain
(m? or mm-sq mile) .

RSUM prints total rainfall in millimeters over
selected target areas during selected time periods for
one day of data. Total volume rainfall for the whole
target area is also calculated.

TRACK isolates echoes at a specified rainrate
thresheld and finds the volume rainrate for these
echoes., The program then tracks these echoes
through time and integrates the volume rainrates of
each echo to give total volume rainfall for each echo.
The frame by frame analysis may be printed either on
a pen plotter or CRT display.




1. INTRCDUCTION

Data to be analyzed is typically of range normalized rainrates

supplied at 2° azimuth increments and one-half mile range increments pre-

viously unpacked from a radar digitizer. A report by Wiggert and Andrews
(1974) will be forthcoming on the digitizer sjrstem. Since data in the north-
west quadrant was primarily of interest, azimuth readings were only in

the range 270° to 360°. Thus, 45 azimuths, each with 300 bins were to

be analyzed each sweep, one sweep recorded every five minutes,

To save computer core during the scan conversion, a method was
used which stores only two adjacent azimuths at a time, and which reads
these points into a portion of a 73 x 62 Cartesian grid array representing
a 72 n mi x 61 n mi target area to be analyzed (fig. 1). The data can then
be more easily processed and printed out from Cartesian coordinates. I[n
subsequent programs data summary packages include echo isolation,
Fourier analysis of echo contours, echo tracing and calculating echb volume
rainrates, as well as echo tracking through time, 7

To convert data from B-Scan to Cartesian coordinates requires

about 15 seconds of computer time for each 90° scan on a UNIVAC 1106

computer, I[f repeated analysis of data is anticipated, we have found it
advantageous to convert the whole day's data into Cartesian coordinates
and write this out on tape before proceeding with the other analyses.
This avoids reconverting data to Cartesian each time. This Cartesian
data can then be entered into either the tracking program (TRACK), or

the rainfall integration program (RSUM).
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Figure I. Geometry of Target Area.




2. B-SCAN TO CARTESIAN DATA CONVERSION (KART)
i

2.1 Background

KART converts data from polar coordinates into Cartesian
coordinates. Data is supplied from tape and is usually at one-half mile
2° intervals, although these parameters are variable in the program. The
radius of the data from the radar is between 15 n mi and 80 n mi, with
the result that the data density ranges from 3.8/n mi? to .72/n mi?.
Therefore, a 1 x 1 mile square grid system seemed appropriate, although
at the periphery the grid will overestimate the accuracy of the available
data, while information will be lost at small radius. The coemputed
Cartesian data is written on tape.

Previous practice has been to read all the polar data into the
nearest grid point on the rectangular grid. The rectangular array is
then searched for "holes" where no data has been supplied at larger
radius. These holes are then filled using the mode, max, min, or average
of the surrounding points. (See, for instance Booth, 1972). This method
ié fast, but has the disadvantage of misrepresenting data over small area
at large radii. In addition, an uncertainity of * 1 mile in locating the data
point will result. Thus, a more accurate interpolation scheme was de-

signed. This method is described in the next section.




2.2 General Method of Scan Conversion

The data from two adjacent angles 6; and 6; are read simul-
taneously. All grid points in the sector 8, - 8, are found. Lef
X, Yo] be a grid location from the radar origin. Let {X_, Yz) be the
displacement of the grid origin from the radar origin, and let (Xi,Yi) be
the grid location from the grid origin (fig. 2}. The relation
tan 6; < YO/XO < tan 6.
is necessary for (XO, YO) to be in the sector. A linear interpolation for the
value at (XO,YO), (location (X, Yi) in the grid) is performed from the
four surroﬁnding polar data points.
Let g be the rainrate to be interpolated in the grid system.
Pij is the rainrate at the indicated point
g(Xi, Yi] = G+ t(F-G)
where G=Pi1 + S (P21 - P11)
F=Py; + S (P22 - Pyg)
and S = (tan_léfo/xo)-— 013/ (8 - 61)

t = ¢ Xo2 +Y0T-r1)/(rz-r1)

0:)(z +Ni8 Y0=Yz*Mi8
=N.8 ' Yi =Mi8

where Mi refers to the column of (Xi, Yi)

Ni refers to the row of [Xi, Yi)
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Figure 2. Interpolating Rectangular Grid Point Values
from Polar Coordinate Values




tan9, S_Yo/X0 < tan9,

cotdg < XOIYO <_ cotf,

Cotez S Xo

<_ YO cot6,

cotfz < Xz + Ni6 _<_,Yocot91

and performing similar substitution for Y0

(Yz + M.8)cot; - X; <N < (g + Mia)cotel - X

4]

o

‘This is a necessary condition that g (X;, Y,) can be interpolated from the

data on the two azimuths and is sufficient in the northwest quadrant.

2.3 Calling Sequence and Internal Options for KART.

Parameters to be specified in a COMMON statement with the main

program, only for internal purposes:

IBINS - number of bins of data along one azimuth
IN - [ dimension (X axis) of rectangular array.
JN — J dimension of array
DIS - Distance between grid poi-nts
XZ ‘ - X-coordinate or origin of rectangular grid
_ (lower left corner of the array is (1,1}, not the
origin.)
YZ - Y-coordinate of origin of grid
KCART - 0 at beginning of program.

KCART will then count how many times KART has
been called. KCART should be reset to zero if the

continuity of read data is broken,




BN1(300), BN2(300) - arrays containing data along adjacent

azimuths.

Input parameters in calling sequence:

SMT - starting time in minutes. Records are
scanned until SMT is exceeded, then scan
conversion begins.

EMT - ending time.

Qutput parameters in calling sequence:
RESP(IN, JN) ~ output array
KEY

11

0if SMT < TIME <EMT

1if EMT < TIME

I}

2 if elevation angle bad.
Output parameters in COMMON:
TDIFF - difference in hours between this frame and

preceding frame.

TDA1 - Julian day.

TH1 - hour.

TM1 - minute.

ELMIN - minimum elevation angle of antenna.
ELMAX - maximum elevation angle. |




2.4 FLOW CHART SUMMARY

SPECIFY:
KCART=0
X2, YZ,
IN, JN,
IBINS

1

READ AZM2
BNZ,ETC.

'

TIME=E0-THI+TM

l

UPDATE KEY

'

YES

FIND:
T DIFF
UPDATE:
AZM1{, BN{

KCART = KCART-Hi
ELMIN = + o
ELMAX = —cO

L |

NO

‘ _

@ YES

READ IN: AZM1
BN{, TIME, ETC.

UPDATE:
ELMIN, ELMAX
KEY, TDA{, TM{

AZM1 = AZM2
BN§ = BN2

ROW
COMPLETE

INTERPOLATE:
Al'L RESP (IJ)

WHERE (I,J}

IS BETWEEN
AZM1 AND AZM2




2.5 Map Display (MAPP)
MAPP is a simple printing routine. The program prints the full
X-Y array, specified in the call sequence.

Calling parameters: Z (IE, JE) array to be printed.

All data in the array is scanned for maximum and minimum; then
scaled SF = 10/ (max-min). Let RSF = 1/SF. Assuming an array whose
values are between zero and 20 has been entered, SF = .5, and RSF=12,0;
a printed digit 3 will represent data magnitude from 6.0 to 8.0. A dot (.)
represents data between 1.0 and the minimum data threshold for a numeric
representation. Example: RSF = 3.1, MIN =0,

True value = 3.1 x Print value; +0.

Printed Symbol . 1, 2

Represented Value 1.-3,.1 3,.1-6.2 6,2 -9.3

Example of printed array on following page (fig. 3); X axis is

oriented as follows: X l——z

This orientation is rotated 900 from standard to enable the dimensions of

the arrays used to fit on one page.

10




2.6 Sample Printout
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EML {FACE, 19731 7 KART 7 DSTLUND DATE 100573 PAGE 137

MINTMUM VYALUES «Onagna MAXTHUN VALUE= +42303+02 GI1FFRENCE= v42302+02

TRUE VALUE= 4923028 K PRINT VALVE « «00000

BARRUBROHRABRANABABABBRREAABBERRABRBHRHRAENAAARRBONREEEANBEAREBRERBOEURE L} EBBBBRBORG BBEPRDERBEEBRBEARRABEEE
R a
A ]
B ]
8 L]
] []
3 ]
a ]
E:} B
B B
B - + s * - - [ ]
B []
B B
[ 132, L4
B 1395 ¢ ]
a 1l 3eT 2, ]
a 1345 2. B
] sl z3a2, B
B . s L2463 . B
8 vl 48621, [
L + « « I 1*5 9 B 3 . + + - - ]
s 1l 95 1 B
L} 24992, B
a 1221 . 8
8 131 8
[ P I 4
(] .- oa L}
[ 3
B )
B B
[ - . . - . . . 8
R . B
B ]
B [
H 4
B B
M 8
[ ]
B ]
B ]
B - + * + ) * ]
B ]
a [ B
B « 3. 8
[ T a
B e L
B ]
B []
5 . ]
B B
'} * - - + * * ]
] B
A B
2 B
a []
8 . ]
B . B
a v ]
B [ B
B . B
B -+ + + . . L] [}
u [
B
8 [
u [
8 . 4
A [}
B B
B B
B a
B . > > + * - L]
M 8
B . B
- . ]
BBRBBBABANALBBRAALABEABILEABANAARBREBHRERRBLBBREBREABOASBBDAEBAEREEBAABEABBEEEEBRBRERBAREBEGEPROEBABERRARGEBRERARENPEBEERBABARSE

MAX R4DAR ELEV «5 MIHY RADAR ELE a4
PAY 177.0 HOUR 17.0 HINUTE 540
SAMPLE PRINTOUT FROM MAFP NORTH ———

Figure 3.
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3. RAIN SUMMATION ANALYSES (RSUM)
3.1 General Method

RSUM is a program which uses tape data in a Cartesian grid gen-
erated by KART. Data is analyzed over specific sections of the grid
cor'respo'ndi ng to the location of the raingage clusters

Six arrays are used in the program: RINT, FIM, SOU, CYP, PAH
and GAR. They represent the rainfall volume calculated in a section of
the grid which contains the raingage clusters. RINT includes the entire
target area, and the others describe the Immokalee, Scuth Bay, Big
Cypress, Pahokee and Garstang (University of Virginia) micronetwork
areas respectively (figs. 4, 5a, 5b and 6).

On and off time for the summation is specified on six data cards.
Up to five non-overlapping periods of time may be analyzed for each
cluster. Thus, if the second data card is

17.30 18,00 18.30 20.00

the Immokalee cluster will be summed between 17: 30 and 18: 00, results
printed, and a new analysis will be repeated between 18: 30 and 20: 00.
The data cards must follow the order specified above. In addition, total
rain volume for the entire target area is calculated, and the sum is
printed at hourly intervals from the starting time. The geometry of the
clusters is illustrated in fig. 1.

A contouring package (CLOT) has been included to give a con-
toured description of the arrays by use of the Cal-Comp pen plotters.
The contour intervals will be adjusted to give approximately six

contours. CLOT is neither listed, nor described,

13
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Figure 4. Approximate Cluster Locations within the Arrays
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3.2 Sample Printouts
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Figure 6,

Sample Printout of Rain Summation Analysis
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4, ECHO ISOLATION AND ANALYSIS (FOURAN])

4.1 General Method

FOURAN is a program which uses data specified in the form of
a rectangular array to isclate individual echoes and to analyze them. This
is done in the following steps:

a) The starting point of a contour associated with the threshold
is found.

b) The contour is traced through to its endpoint.

c) The echo is defined as the interior of the closed contour. No
extrapolatich of contours that touch a grid boundary is attempted.

d) Total volume rainrate of the echo (volume/time) is calculated.

e) The path found in b) is harmonically analyzed. If NHAM is .
the'{ number of harmonics analyzed, then the first NHAM sine and cosine
coefficients are stored in an array COF.

f) By formula 3, Section 4.5, applied to the coefficient array in e),
the area of the echo, the centroid (of the contour) and the perimeter are
evaluated for each echo.

Output is in the form of Fourier coefficients, total area, total
volume rainrate, perimeter, and centroid location for each echo. In

addition, a Cal-Comp plot of the PPl is obtained.

19




4.2 Calling Sequence of FOURAN.

Input parameters:

Z (IN, JN) - array to be analyzed. (See note below.)

THRESH - echo threshold,

NHAM - number of harmonics to be used. If no contour
plotting is necessary, NHAM = 2 to save unneces-
sary calculations,

NECH - maximum number of echoes.

Output parameters:

COF (NHAM, 4, NECH) - array of Fourier coefficients.

PERIM (NECH) ~ array of perimeters of echoes
RFALL (NECH) - array of total rainfalls.

IBRDS (NECH) - starting border of echoes.
AREA{NECH) - area of echoes.

IECH - number of echoes actually found.

A plotting Common should be included if pen plotting is done
internally. Note: The borders of the array Z are set to a la.rge negative
value to close all contours. Therefore, to avoid losing data, the
dimensions of Z should be two higher than the desired array and the
actual data points will be in rows 2 through IN-1 and columns 2 through

JN-1, No points will be plotted outside this interior array.

20




Subroutines called in FOURAN:

FOLL - follows path of contour.

PUT - stores points already traced.

DON - (logical function) checks if a contour is completed.
ECHOF - calculates Fourier coefficients.

RF - (function) calculates total rainfall.

Process for defining a contour:

a) The threshold is subtracted from all elements in Z.

b) To find the starting point of a contour, the array is
searched, completing each column from right to left, for a contour crossing.
A contour crossing is found between (I,J) and (1+1,J) if Z(1,J)+Z{1+1,J} <0.
If the point has been previously drawn the next starting point is found.

c) Aboxis ds':ﬁned as a set of four adjacent grid points
(P1, Pz, Py, Pg). Pi=(1, J}, Pp= (41,0}, Pa=(i+1,3+41), Pa=(1,J+1).

The location of a box is defined as at (I, J).

The box corresponding to a grid crossing is found, and the

side of the box corresponding to the crossing is labeled.

Example:
Side 3
Py Pa
Side 4 Side 2
Loy
[|,J) = P P2
Side 1

(X,Y) occurs in Box (1,J) on Side 1. The contour

continues and the next point occurs on Side 2.

21




When two points have been found between which a contour
crossing occurs, the exact location X and Y is stored in the array XS and YS.
The exact location is defined by a linear interpolation between the two
adjacent points. The next point of the contour is found by searching the
sides of the box in a counterclockwise fashion, starting from the side of
entry.

When the next point is found, a new box is redefined
appropriately as a check to see if the contour is done. If not, the proéess
is iterated.

A possible ambiguity occurs at a point where two boxes
touch only at a corner. The program includes as much area as possible in
each echo, so a corner will not split the echoes,

Example: Contour value is 0,

d} After the contours have been traced through, the XS (1),
and YS (1) coordinates are entered into the ECHOF routine to find the

Fourier coefficients,

22




4.3 FLOW CHART OF ECHO ISOLATION AND CONTOUR TRACING

FIND CONTOUR START |we———

l

DONE ?

YES

NO

FOLLOW CONTOUR TO
COMPLETION AND STORE
POINTS IN X(K) AND Y(K)

'

FIND THE NHAMX4
COEFFICENTS, AREA AND
THE TOTAL RAINFALL

PLOT THE
SMOOTHEST
CONTOUR

RETURN

23




4.4 Volume Rainrate Calculation for Isolated Echoes

Total rainfall is calculated by the RF function in the following way:

A point definitely within the contour is entered and the eight
surrounding points are searched to see if they are within the echo. I[f a
surrounding point (1,J) is inside, (1,J) is stored, and Z {l,J} added to the
sum., Then the next point's eight surrounding points are checked, similarly,
unless the point has been previously counted. The process is iterated
until no unprocessed adjacent points within the contour are left. This
method is similar to the method used by Gray in an NS5L echo isolation pro-

gram referenced by Barclay and Wilk, 1970.

4,5 Mathematics of the Fourier Summary
After the XS (I} and YS (I) coordinates are entered into ECHOF,
the Fourier coefficients are computed as follows:
Let (1) = (XS(1), YS(I}} define the known points along the curve,
The true path is defined as the continuous and piecewise linear curve
connecting (1) and T(i+1). Lets be the arclength parameter from the start-

ing point. Let (X(s), Y(s)) be the true path as a function of arclength,

(1) X(s) = ; a_cos (2'1“5) +b, sin (zl‘ll_'rrs)
_0

(2) Y(s) = Z ¢, cos (Z_rll-n_s) + dnsin (Zrli_'ns) .

n=o

24




where L is the perimeter of the curve,

IN-1

L= z: Asl where

I=1

and for n#o

EXAMPLE:

Note that

As = [()(S(I)—)(SIZIH):I2 + (Ys() - YS(I+I})2]%

—(X}

Xs(I)
B £100)
4.0

X(s) 2.0

v | P | i

Y(s) 2. OK
o

lOi 123

2

\/61

5

lO‘I !23




By Fourier's theorem (with 1< n< (NHAM))

L

1]
-]
I
rl
;\.
p
—
/]
L4
0
o
h
e
-
e
o
w

1
2 : v " Znns) ds
= 1 Z {s) cos T

i=1
5
IN ST+ 1 |
2n s
A% o () o
i=1/s,
i
’ IN )
n=ws ;
=1 Pt sin '
i=1 |2n=® L

where P and q; are coefficients which describe the line segments of the

path.
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These latter expressions (1) and (2) are easily generated on the

computer.

For n=o0
1 L
ao =T f x(s) ds
o
= X centroid of curve.

Similarly, bn’ <, and dn are found.

Note that a, and < give centroid of the curve for the ith echo.

COF (n, 1,1) = a

_ n-1
COF (n, 2,1) = bn__1
COF (n, 3,1) = e 1
COF (n, 4, 1) = dn—l

Area of the echo is found by the following method:
Area = fda = f dx dy
A A

f x dy

- SA
J x %’é ds
A

27




Using (1) and (2),

By the orthogonality relations of sine and cosine, this is reduced

fo:
o0

_2r L _
L 2 2 :n andn bncn
n=o
b E_; n andn bncn A
n=o

The sign (+)} of the area will depend on the direction in which the curve

has been traced.

4,6 Echo Tracing with Pen Plotter
Echo tracing is done internally as a subroutine of FOURAN using
the FOUPLO routine. FOUPLO uses the perimeter and the harmonic coeffi-
cients. Using relation (1) and (2} in Section 4.5, and terminating the sum
at NHAM harmonics, a parametric representation of the echo is obtained.

This is easily plotted by breaking up arclength into a suitable number of

pieces.

28




Since the array desired is within the bigger array (See note, Section 4.2),
the border will be considered rows 2 and JN-1 and columns 2 and IN-1. No
points will be plotted outside this area,

k.7 Advantages and Problems of the Fourier Description

The major advantage of the Fourier method of describing echoes
is that all the information about the shape of the echo is represented by the
Fourier coefficients generated. The coefficients provide a means of evaluat-
ing area, centroid of the contour, and ellipses associated with each echo.
The border can alsc be easily reconsiructed in the form of a parametric
representation, and plotted.

One problem is that the Fourier representation describes closed
contours best. Therefore, in order to close contours actually ending on a
boundary, the border of the array was set to a large negative value, which
necessitates overdimensioning the array to avoid losing data. Also, a very

intricate path may be poorly represented by nine harmonics, although, for

the applications described herein, the path description was very satisfactory.

(See Blackmer and Duda, 1972.)

A major information loss from the original data occurs because the
Fourier coefficients cannot describe data variation within the echo without
resorting to multilevel contouring. Although muitilevel contouring was
experimented with, the Fourier description could not assure that contours
would not cross each other when the gradient was steep. The individual

contours would be fairly accurate, but they sometimes cross. Another

interpolation scheme has been followed in the contouring package.

29




5. ECHO MATCHING AND TRACKING PROGRAM (TRACK}

5.1 Introduction

The tracking program is divided into two parts, matching and
updating. MATCH uses the areas and centroids from two successive
sweeps, calculated by the Fourier methods described earlier to provide
an-echo match between the frames. This information is used to describe
echo movement, assign. invariant numbers to echoes so they can be more
easily followed, and integrate the total rainfal! rate following the echo.
The program recognizes splits and mergers, lost echoes and new echoes.

The guide to develop this program was intuition. An operator of
a radar scope is assumed to be the best echo tracker, so the technique
developed tries to duplicate as closely as possible what | have assumed
to be his intuitive approach to the tracking problem. Therefore, the pro-
cedure used avoids detailed analytic procedures computed on the data,
and instead uses only a limited shape description, area and centroid to

perform the matching from one frame to the next.

5.2 Calling Sequence for Matching Subroutine
MATCH (AREA1, AREA2, XC1, YC1, XC2, YC2, NECH1, NECH2,
RFALL, K30, FMET1, FMET2, SQ1, SQ2, K3)
AREA1(NECH1) - areas of the echoes in the first frame.

AREA2 (NECH2) - areas of the echoes in the second frame.

30




XC1(NECH1}

X-coordinate centroids in the first frame.

YC1(NECH1) - Y-coordinate centroids in the first frame.

XC2 (NECH2) - X-coordinate centroid in second frame.

YC2(NECH2) Y-coordinate centroid in second frame.
NECH1 - number of echoes in first frame.
NECH2 - number of echoes in second frame,
RFALL (NECH1) - total rainrate of echoes in first frame.
o K30 - 30
K3 - 3
FMET1(K30, K3) - The A, B, C metric coefficients discussed in
section 5.3 for each oild echo.
FMET2 (K30, K3) - metric coefficients for the new echoes.

SQ1({NECH1) - the K for each old echo. (See section 5.3)

SQ2{NECH2)} - the K for each new echo.

In addition to these call parameters, a COMMON /MAT/ must
be qsed in the program which calls the tracking program. A COMMON

/BLOK/ mustbeused to supply the correct hour and minute.

5.3 Matching Procedure
The essential output from the matching section of MATCH are

two arrays, MATCH1 and MATCH2., MATCH]I recognizes splits, while

MATCH2 recognizes mergers. MATCH1 (I,K) (K>2) reters to an echo in

31




frame 2 which has been matched to echo I in frame 1. MATCH2 (I, K)
refers to an echo in frame 1 which has been matched to echo 1 in
frame 2. A more detailed interpretation is included in section 5.5.

To generate MATCH1 and MATCH 2, the subroutine proceeds
as follows:

a) A predicted displacement from the preceding information
available is added to the centroid position of echoes in frame 1. The
predicted displacement is an average echo motion of the three preceding
time frames for this particular echo. If the echo was found very recently,
and three frames are not available, the program uses the previous avail-
able times. When an echo is found, initially zero displacement is anti-
cipated. To guard against erratic movement displacing the echo too
much, a 36 knot limit for predicted motion is included. Henceforth,
p-displacement refers to this predicted displacement.

b) A check for 1-1 matches is made. The best match to
echo | with respect to both centroid and area is found and entered into
MATCH1 (I, K). If no suitable match is found, this element is left
zero. After having attempted matching all echoes in frame 1 to frame
2 by this method, the program attempts to find splits.

c) The program finds and ranks the five best echo

matches that have not been matched previously by (b) to other echoes
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with respect to p-displacement only. Splits are recognized between old
echo 11 and new echoes 12 and J2 if the following criteria are satisfied:
(i) The centroid of 12 and J2 is within a close distance
of the interior of echo I1.
{ii) The centroid of 12 and J2 taken together is closer to
the interior of echo 11 than each echo taken separately.

d) The program then iterates the above procedure with the
third best match, but now considers 12 and JZ to be one echo, its centroid
and area being the combined centroid and area of 12 and J2. A limit of
five fragments for each echo can be located.

e) After all splits have been found, the data from the two
frames are reversed, and mergers are found identically with a merger
being considered a split backward in time. Mergers are entered into
MATCH2.

The foregoing process for ranking echoes and determining
whether an echo is a candidate for a split fragment is one which essen-
tially considers only the ellipses matching best to the echo, described by
the zeroth and first Fourier coefficient.

Let the best ellipse describing the contour of the echo T(s) be
?e {(s). For simplicity, translate the ellipse to the origin. |

?(s) =¥(s) =x(s)i+y(s)j
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W= —En where L is the perimeter

A

a)T’;(s) = (a cos(ws) +b sin(ws)) i

+(c cos{mws) + d sin (ws)) ]

It is also known that an elipse has the general form xi + yj

where the relation between x and vy is
b) Ax? + Bxy + Cy* =K
for some A, B, C and K.
Substituting x and y from a) into b) we see that the relation
(Aa? + Bac + Cc?) cos? (wg)
+ (Ab? + Bbd + Cd?) sin? (®s)
+ (2Aab + B(ad + bc) + 2Ccd) sin{ws) cos (ws) = K
Since this must hold for every s, then A,B, C must be restricted by
Aa’ + Bac + Cc? =K
Ab? + Bbd + Cd? =K
2Aab+Blad + bc} + 2Ccd =0
Thus there are three equations for A, B and C (given K} which
can be solved by matrices. |
It will be noticed that the maximum x value will be Va? + b?
and the maximum y value will be W Thus, the maximum value

for x? + y? will be a® + b? + c? + d? and a reasonable value for K for the
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bilinear form b) to approximate the standard metric form x% + y* will
be K= (a® + b? +c? +d?)/2.

To determine whether the centroid of an echo is inside or near
the ellipse, dis = Adx? + Bdxdy + Cdy? where (dx, dy) is the vector be-
tween the two centroids is evaluated. If dis is less than K, the centroid
is inside the ellipse. If dis is close to K, the point is near the border.

This method can now be applied to determine which new echoes
fall within a reasonable distance of the interior of the ellipse. Instead of
ma;tching only centroids with respect to distance, the method takes the
ellipticity of the echo into consideration. The calculation of the A, B, C,
metric coefficients is performed in subroutine METRIC.

Other methods to determine whether a point is inside or outside
an echo were investigated, but were deemed too time consuming for the

extra information made available.

5.4 Updating Procedure
The update section of MATCH analyzes the arrays MATCH1 and
MATCH2? and prints the following information about each echo:
a) ldentification number - remains with echo until it is
lost, either totally or by merger or split. The first two digits refer to
hour found, the second two to minute echo was first found, the third two

to the order in which it was found in the frame, and the last digit to the
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method by which the echo emerged. A last digit of zero means echo was

new growth, a "1" means it was the result of a split, and a "2" means it

was the result of a merger.

Example:

910051 refers to an eche found at 9: 10, fifth in that frame,
and was the result of a split.

b) Auxiliary identification number - ranges from 1 to 30 and
refers to the index corresponding to the echo. Echo with auxiliary identi-
fication of | has volume rainrate (RFALL({1)). This number remains with
an echo until the echo is lost, but after that it may be taken by a new echo.

c) Centroid - refers to the (X, Y) position of the echo's cen-
troid. The echo centroid is considered to be the centroid of the curve.
This will be quite close to the area centroid except in very unusual cases.

d) Total rainrate - refers to the summed total rainfall rate
for the particular time.

e) Total rainfall - the total volume rainfall associated with
each echo since the echo was found.

f) Status - self explanatory. NEW refers to next time frame;
OLD, LOST refers to preceding time period.

The program finds the status of an echo as follows:

(Note that K ranges between 2 and 6 in the following paragraphs.)
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(i) One - one match between 11 and 12 if
MATCH1 {11, K) =12, 0, 0, 0, 0 and
MATCH2 (12, K)=11, 0,0, 0, 0

(ii) 11 splits into (I2 if

k)

MATCH1 N, Ky =12 , 12,12 , 12 , 12_.
3 4 5

2
(3ii) (I1K] merges into 12 if

MATCH2 (12, K) =11, I1,, 115, 11,, I1,.
(iv) 1IN is lost if

MATCH1 (11, K) =0, 0, 0, 0, 0 and

MATCH2 (12, K} # 11 for every 12 and K.
(v} 12 is new growth if

MATCH2 {12, K) =0, 0, 0, 0, 0 and

MATCH1 (11, K) # 12 for every 11 and K.

g) When the results are plotted, the following shortened des-
cription is used. The auxiliary identification is used and the following
interpretation is to be made of the letters printed:

NG - new growth

ME - merger

RM - result of merger
SP - split

RS - result of split

LO - lost echo

TR - tracking old echo
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5.5 Example of Use of TRACK

The- isolation and tracking program was applied to data from
June 26, 1973. Because echo activity before 1400 EDT was slight, data
was analyzed from 1400 EDT to 2030 EDT. Most of the echo activity
occurred after 1730 and the plots from 1730 to 1845 are included at the end
of this section.

Approximately 100 echoes were found and tracked between 1400
and 2030, although in reality there was less activity than 100 echoes
would indicate. An echo split will be considered one echo lost and two
new echoes formed. The tracking program printed 340 descriptions {such
as 1905021 tracking), of which | judged approximately.ten _to be incorrect.
Thus, about 97 percent of the computer descriptions were accurate
according to my judgment. However, the printout is in such form that
the significant echo data may be recovered manually by adding together
a couple of numbers in the case of a computer mismatch.

For an example of program output, refer to the next section,

A description of echo 1720021 follows. The echoes discussed are labeled
with a *.

Echo number 1720021 indicates the echo was the result of a split,
and was found at 1720. The area of the echo was 37.3 n mi? at 1730 and

the volume rainrate was 259.0 mm-n mi2/hr. {8.89 x 10°m3/hr). The

total rain volume from this echo since it was found (at 1720) was
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31.1 n mi*~mm (1.07 x 10° m?®), This echo is labeled 3 on the pen plotter
picture, At 1730 the echo is heading toward 104.8° at 7.3 knots.

The echo is tracked until 1810 when it merges with echo 1745030
(lébeled 5 on the picture) to form a new echo 1815032. So total volume
rain fallen from 1720021 was #15,7 mm-n mi? (1.4 x 10® m?) from 1720

unti] it was lost at 1810.

The new echo 1815032 is large and intense. 1815032 is lost at

1840 after a total rain volume of 464.9 n mi2-mm (1.6 x 10° m®) has fallen.

The echo splits into echoes 1845041 and 1845081.
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5.6 Sample Printouts from TRACK

4o




L7

%

&
Q

{77 {7 30

MAX RADAR ELEV
0AY 177.0

.5
HOUR 17.0

IDENTIFECATION CENTROID

1730021
1730031
720021
1735010

DAY 177.0

1730021
1730031
*1720021
1735010
1740010

* Means discussed in foregoing section

19.8,16

[24.5.24.%
30.3,34.6
20)

— o ) PO —
[ 7+
=
o

MINUTE 30.0

AREA

26.3
29,4
37.3

2.7

MINUTE 35.0

16.9
28,7
54.8
2.7
2,5

TOT.RT

69,2
86.2
259.0

-

—i0n
;oo
WO bW

{ TR
2 TR
3 TR
4 NG

&
D
@

177

TOT, RN

S en
—reto

ono—
L, e
mo =

{7 35

STATUS

TRACKING OLD ECHO KEADING
TRACKING QLD ECHO HEADING
TRACKING QLD ECHO HEADING
NEW ECHO

ECHO LOST
TRACKING OLD ECHO HEADING
TRACKING OLD ECHO HEADING
TRACKING OLD ECHO HEADING
REW ECHO

88.3 DEGREES AT 11.4 K0TS
155.4 DEGREES AT 4.6 KNOTS
104.8 DEGREES AT 7.3 KNOTS

104.3 DEGREES AT 5.3 KHOTS
101.8 DEGREES AT 6.8 KROTS
22.1 DEGREES AT 8.6 KHOTS
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@ @
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1

177 (7T 40

DAY 177.0 HOUR  17.0 MINUTE  40.0
IDENTIFICATION CENTROID AREA TOT.RT
1740010 1 73.8, 8.8} z.5 11.8
1730031 2 {20.5,16.3) 20.8 47.8
#720021 3 (32.5,34.5) 65.4  626.5
1735010 4 71.9,37.5} 7.5 a1
1745020 1 (48.0, 8.4 8.3
1745030 5 (47.5,33.5} 5.3

DAY  177.0 HOUR  17.0 MINUTE  45.0
1745020 1 {48.0, 8.4) 8.3 18.6
1730031 2 (20.7,16.9) 3.3 7.8
M720021 3 (33.1,34.8) 67.9  718.5
1735010 4 (72.1,38.0 5.8 18.7
1745030 5 (47.5,33.5 5.3 10.2
1750010 2 (73.8, 8.9 2.7

*Mears discussed in foregoing section

10

2 TR
3 TR
4 TR
{ NG
5 NG

{ TR
2L0
3 TR
4 TR
5 TR
' 2 NG
5
3D o5
8
177 {7 45
STATUS
ECHO LOST
TRACKING OLD ECHD HEADING 6£6.6 DEGREES AT 4.2 KNOTS
TRACKING OLD ECHO HEADING B86.3 DEGREES AT 6.8 KNQTS
TRACKING OLD ECHQ} HEADING 20.9 DEGREES AT 7.0 KNOTS
NEW ECHO
NEW ECHO

TRACKING QLD ECHO HEADING
ECHO LOST
TRACKING QLD ECHO HEADING
TRACKING OLD ECHO HEADING
TRACKING OLD ECHQ HEADING
NEW ECHO

356.2 DEGREES AT 11.9 KHOTS

67.9 DEGREES AT 3.6 KiOTS
346.0 DEGREES AT 2.0 KNOTS
52.6 DEGREES AT 4.0 KNOTS




£h

2

177

DAY

DAY

17 50
177.0 HGUR  17.0
IDENTIFICATION CENTROID
1745020 1 (47.9, 9.1)
1750010 2 {?3.8. B.9)
*1720021 3 (33.3,35.1
1735010 4wjmj
1745030 5 (47.7,33.7
1755030 & (50.4, 5.5)
1755070 7 (16.1,13.9)
177.0 HOUR  17.0
1745020 1 {47.7, 9.4)
1750010 2 (73.9, 8.8
*1720021 3 {33.5,35.3
1735010 4 (71.2,37.3
1745030 5 547.2.33.7
1755036 6 (50.4, 5.5;
1755070 7 (16.1,13.9
1800040 7 ({50.7, 2.5}

MINUTE  50.0

AREA
14.6
2.7
67.0
19.5
20.4
2.4
2.8

MINUTE  55.0
12.2

2,7
71.5

—

3
9
2
2
4

— O3 L0

*Means discussed in foregoing section

TOT.RT
45.3
19.3

656.9
67.6
5h.5

DN -
ZZAA1-4

TO

2

OOVDODID

T, Rit
5.3
1.6
2.5
1.1
5.4

anpnoue

NNBARGN -
Zr A4 -
- EEEE]

o6

177

{7 5%

STATUS
TRACKIKG OLD ECHO HEAGING
TRACKING OLD ECHO HEADING
TRACKING OLD ECHO HEADING
TRACKING OLD £ECHO HEADING
TRACKING OLD ECHO HEADIKG
HEW ECKO
NEW ECHO

TRACKING OLD ECHQ HEADING
TRACKING OLD ECHO HEADING
TRACKING QLD ECHQ HEADENG
TRACKING OLD ECHO HEADING
TRACKING OLD ECHO HEADING
TRACKING OLD ECHO HEADING
ECHO LOST

NEW ECHQ

345,3 DEGREES AT 7.4 KNOTS
145.0 DEGREES AT 3.0 KNOTS
47.5 OEGREES AT 2.0 KNOTS
238.0 DEGREES AT 2.6 KNOTS
291.2 DEGREES AT 2.3 KNOTS
|
353.6 DEGREES AT 5.1 KNOTS
101.2 DEGREES AT 1.0 KNOTS
51.0 DEGREES AT 1.8 KNOTS
229.5 DEGREES AT 3.2 KNOTS
18.7 DEGREES AT 1.7 KNQTS
69.8 DEGREES AT 26.2 KNOTS




U

*Mesns discussed in foregoing section

i1 TR
2 L0
3TR
4 TR 4 TR
5 TR
6 LO
T TR
2 NG
LTI 7 *
2
of )
7 ol
177 18 0 77 18 5
DAY  177.0 HOUR  18.0 MINUTE .0
IDENTIFICATION CENTROID AREA TOT.RT TOT.RN STATUS
1745020 1 47.8, 9.6 24.6 90.6 15.7 TRACKING OLD ECHO HEADING 346.6. DEGREES AT 5.9 KNOTS
1750010 2 (74.0, 8.9 2.2 21.0 4.5 ECHO LOST
* 1720021 3 {34,0,35.5 75.9 790.2 362.4 TRACKING OLD ECHD HEADING £3.2 DEGREES AT 2.1 KNQTS
17235010 4 (71.1,37.3} 24.2 267.4 45.8 TRACKING OLD ECHO HEADING 211.9 DEGREES AT .7 KNOTS
1745030 5 (47.7,33.9} 25.8 299.9 38.8 TRACKING OLD ECHO HEADING 112.9 DEGREES AT 2.3 KNOTS
17668030 6 (51.9, 6.0 4.0 12.3 1.4 ECHO LOST
1800040 7 (50.7, 2.5) 4.1 9.3 .8 TRACKING OLD ECHO HEADING  49.1 DEGREES AT 12.5 KNOTS
1805060 2 ( 2.1,60.6) 2.1 NEW ECHO
DAY 177.0 ROUR  18.0 MINUTE 5.0
1745020 1 47.4,1].2; 44.9 146.5 27.9 TRACKING OLD ECHQ HEADING 358.6 DEGREES AT 3.0 KNOTS
1805060 2 2.1,60.6 2.1 4.3 4 TRACKING OLD ECHQ HEADING 170.4 DEGREES AT 7.6 KNQTS
* 1720021 3 (34.8,35.8) 638.9 415.7 TRACKING OLD ECHO HEADING  67.9 DEGREES AT 2.5 KNQTS
1735010 4 (71.4,37.2) 228.2 64.8 TRACKING OLD ECHO HEADING 101.6 DEGREES AT .7 KNOTS
1745030 & (48.4,33.5) 233.7 68.2 TRACKING OLD ECHO HEADING  82.0 DEGREES AT 5.2 KNOTS
1800040 7 (51.3, 3.9) 38.6 4.0 TRACKING OLD ECHO HEADING  46.5 DEGREES AT 14.1 KNOTS
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{77 18 10

DAY 177.0 HOUR  18.0 MINUTE  10.0
IDEXTIFICATICN CENTROID AREA TOT.RT
1745020 1 (47.6,10.8) 33, 89.7
1805060 2 ( 2.2,60.1) 4.2 8.9
1720021 3 (35.4,36.1) 8.0 661.7
ﬂNmOS(%L%% 49,7 39%0.4
*1815032 3 (41.7,35.6 130.9
1735010 4 (71.6,37.1) 25,5  110.8
1800040 7 (52.2, 3.9) 9.3 44,2
1815050 5 (47.4,20.6) 6.5

DAY 177.0 HOUR 18.0 MINUTE  15.0
1805060 2 { 2.2,60.0 5.8 13.2
*1815032 3 (41.7,35.6 130.9  1201.1
1735010 4 (71.4,35.7 15.5 82.3
1815050 5 47.4,20.5} 6.5 13.6
1800040 7 (52.5, 4.4 7.8 18,9
1745020 1 (48.0,10.6) 16.0 47.3
1621041 1 (48.7, 9.6) 10.1
1821051 6 (48.8,14.9) 2.1

*Means discussed in foregoing section
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177

18 156

STATUS
TRACKING QLD ECHO READIKG
TRACKING OLD ECHO HEADING
LOST MERGED
LOST MERGED
HEW RESULT QF MERGER
TRACKING 0LD ECHO HEADING
TRACKING OLD ECHO HEADING
NEW ECHO

TRACKING OLD ECKD HEADING
TRACKING OLD ECHD HEADING
TRACKING OLD ECHO HEADING
TRACKING QL0 ECHO HEADING
TRACKING QLD ECHO HEADING
LOST, SPLIT

NEW RESULT OF SPLIT

HEW RESULT OF SPLIT

12.2 DEGREES AT
172.7 DEGREES AT

168.0 DEGREES AT
43,0 DEGREES AT

168.3 DEGREES AT
170.6 DEGREES AT
169.1 DEGREES AT
355.4 DEGREES AT
21,5 DEGREES AT

1
4,

9
6

KNOTS
KNOTS

2.4 KHOTS
11.3 KNOTS
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PDOOAANEAUN -
ZEZEDDNACAAAA
OOMMNTVIONIIAD

OO’
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1rr 18 24

DAY 177.0

IDENTIFIGATION CENTROID

1821041
1805060
*1815032
1735010
1821051
1800040
1815050
1825071
1825081
1825010
1825030

DAY 177.0

1621041
1805060
*1815032
1735010
1825071
1825081
1800040
1825010
1825030

- L3

Fa PN P i i B Lo 1 O
ERAEZSBLRLGO

P R LD LN
W= NMOon
P ) P — O e AT T

e Y e Sttt )

WO U7 o G DN =

MINUTE

AREA
10.1

MINUTE

—T
el R e R B e S R -

p)
NG~ N0 0O

*Means discussed in foregoing section
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{77 8 25

STATUS
TRACKING OLD ECHO HEADING 19
TRACKING QLD ECHO HEADING 16
TRACKING OLD ECHO HEADING 4
TRACKING OLD ECKO HEADING 181.
ECHO LOST

5
3.
7

—wohn

LOST, SPLIT

HEW RESULT OF SPLET
NEW RESULT OF SPLIT
NEW ECHO

TRACKING QLD ECHO HEADING 194.7 DEGREES AT 19,2 KNOTS
TRACKING OLD ECHO HEADING 175.9 DEGREES AT .9 KNOTS
TRACKING QLD ECRO HEADING  61.7 DEGREES AT 5,4 KNOTS
TRACKING OLD ECHO HEADING 118.5 DEGREES AT .6 KNOTS

ECHD LOST
ECHO LOST

TRACKING OLD ECHO HEADING 253.7 DEGREES AT 1.4 KNOTS

ECHO LOST

DEGREES AT 21.1 XNOTS
DEGREES AT 1.5 KNOTS
DEGREES AT 4.7 KNOTS
DEGREES AT 2.0 XNOTS

TRACKING OLD ECHO HEADING 293.0 DEGREES AT 1.4 XNOTS

{ TR

2'TR
3 TR
4 TR
5L0
6 LO
7 TR
8LO
9 TR

TRACKING OLD ECHO HEADING 111.2 DEGREES AT 6.6 KNOTS
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{77 18 30

DAY  177.0 HOUR  18.0 HINUTE  30.0
IDEXTIFICATION CENTROLD AREA TOT.RT
1821041 7 (48,1, 7.2) 8.9 25.6
1805060 2 2.2.59.5} 3.3 7.1
*1815032 3 (42.8,36.2 109.0  338.9
1735010 4 (71.9,35.4) 12.2 52.5
1800040 7 (51.9, 4.3} 8.9 23.2
1826030 9 (63.2, 4.3) 9.7 24,4
1835031 5 (64.3, 2.8) 3.2
1835041 6 (63.0, 6.0} 2.3
1836010 8 (74.0, 9.5} 3.7
1835080 ¢ 51.0,11.6} 3.8
1835050 10 (39.6,15.0 7.8

BAY  177.0 HOUR 18,0 MINUTE  35.0
1821081 1 (49.2, 7.7) 7.2 120.2
1835080 9 (51.0,11.6) 3.8 6.5
1840062 1 (49.6, 8.0 22,1
1805060 2 { 2.3,58.9 4.3 8.9
# 815032 3%&%4 158.0  981.9
1735010 4 (71.8,35,3 17.5  184.7
1835031 5 (64.3, 2.8) 3.2 9,3
1835041 6 {63.0, 6.0) 2.3 6.1
1800040 7 {53.0, 4.2) 7.3 119.9
1835016 8 ({74.0, 9.5) 3.7 32.5
1835090 10 (39.6,15.0) 7.8 15.2
1840080 5 (40.1,45.5) 2.5

*Means discussed in foregoing section
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177

8 35

STATUS
TRACKING OLD ECHO HEADING
TRACKING OLD ECKD HEADING
TRACKING OLD ECHO HEADING
TRACKING OLD ECHO HEADING
TRACKING OLD ECHO HEADING
LOST, SPLIT
NEW RESULT OF SPLIT
NEW RESULT OF SPLIT
NEW ECHO
NEW ECHO
NEW ECHO

LOST MERGEL

LOST MERGED

NEW RESULT OF MERGER
TRACKING OLD ECHO HEADING
TRACKING OLD ECHO HEADING
TRACKING OLD ECHO HEADING
ECHO LOST

TRACKING OLD ECHO HEADING
TRACKING OLO ECHO HEADING
TRACKING OLD ECHD HEADING
TRACKING OLD ECHO HEADING
NEW ECHO

164.7 DEGREES AT
184.9 DEGREES AT

8.8 KI0TS
1.2

AA0TS

336.5 DEGREES AT 4.2 KNOTS

160.1 DEGREES AT

.3 Ki0TS

100.0 DEGREES AT 1.8 KNOTS

159.4 DEGREES AT
287.6 DEGREES AT
136.6 DEGREES AT

88.8 DEGREES AT
81,3 DEGREES AT
268.1 DEGREES AT
163.4 DEGREES AT
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DAY

177.0 HOUR  18.0
IDENTIFICATION CENTROID AREA

8 40

MINUTE

1840062 1
1800040
1845032
1805060
1735010
1840080
1835010
1835090
*1815032
*1845041
*184508)
1835041
1845020
1845050

2.1

R
L
o,

(1.1
;.n;:nmc-—unmmmm-—-m
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*Means discussed in foregoing section

40.0
TOT.RT

145.4
227.7

18.2
134.6
6.1
222
69.6
1066.3

9.4

NDRUAN N DAL N = ~ =

ZECHTO=AC 4T ag
OOV IOoCTIDOR MM

RO AP DO -
AT - =
GIVOCOTID D

9,
@@ d

D e

177

i8 45

STATUS
LOST MERGED
LOST MERGED
NEW RESULT OF MERGER
ECHO LOST
TRACKING OLD ECHO HEADING 145.4 DEEREES AT .6 KNOTS
TRACKING OLD ECHO HEADING  51.6 DEGREES AT 6.7 KNOTS
ECHO LOST
TRACKING OLD ECH) HEADING 103.0 DEGREES AT 6.8 KNOTS
LOST, SPLIT
NEW RESULT OF SPLIT
NEW RESULT OF SPLIT
ECHO LOST
NEW ECHO
HEW ECHO
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Appendix A - KART

(i) Main Program Calling KART

FOR+SI +JMAIN

COMMON /BLOK/TBINSeIN »JN +DISePIsXZ«YZ+TNDIFF+TN1+BN1(300)
1BN2(300) ¢ KCART+PHT +AZM1 s TDAL s THI 9 TMI 4 ELMAXSELMIN » TEsTDAsTHsTM

REWIND 2
REWIND 3

KCART=n
KEY=1

NECH=30
SMT=540,

EMT=1330

—IN=73

IM=TN
JN=z42

JM=UN
PI=3.1415923

DIS=1.

_IRT1TNS=300

XZ==T4 695

TN1=0.
DO 10 TJK=1.1120

CALL KART(RESPsSMT+EMTHKEY)
CALL MAPP (RESCIMy M)

DO 5 I=1sIN
WRITE( {RESP(TsJ}sJ=1+JN}

WRITE(IITDIFF+TDAL«TH1+ TMY s ELMAXSELMIN
CONT INUE

CONTINUE
END FILE 3

REWIND 2
REWIND 3

CALL EXIT
END
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(ii) Subroutine KART

{FOR+SI +.SURS
SURRODUTTINE KART(RESP«SMT+EMTKEY)

DIMENSTION RESP (INsJN)
COMMON _/BLOK/TRINSeIN +JN «DISePTIsXZ24YZoTDIFFsTNI#BN](300)

1B8N2 (300) sKCARTsPHIL1 vAZM1 s TDAL ¢ THI s TM1 sELMAXsELMIN sTEsTDAsTHs THM
KCART=KCART+1

KEY=0
El MIN=100.

ELMAX=~100,
KNTC=0

RACON=1,706E~-12
PO = ~10,%AL 0G10O(RACON®#300,)

D0 11 I=1s1IN
DO 11 J=Js N

11 RESP{T+J)=0,
IF(KCARY NEL1IGO TO 3

20 CONTINUE
15 CONTINUFE

READ(? JILsICsTDEsTDAs THsTMaTSesAZML s TEsTRITRD
1 IKe IRGs IEMs (BN (K)o K=12IBINS)+TR-TER

IF(AZM] LT ,270.3)6G0 TO 15
TNI=TH+TM/60.

TIME=AN#TH+TM
TEATIME L TL.SMTIGO TO 20

DO 805 K=1,IBINS
805 BNl (KY=10.##{((BN1{K}Y+PQR)/14,)
PHI1={90.~AZM1}%PI/180,
3 CONTINUE

TRAL=TDA
TH1=TH

TM1=TM
IF(TE.GT21,0] ANDSTFE,LTo23.0)KEY=2

IF(TE.GT<ELMAX)ELMAX=TE
IF(TE I TLELMIN) ELMIN=TF

TN2=TH+TM/60.
14 CONTINUE

READ(2 YILsICsTDEsTDAsTHs TMsTS9AZM2+s TE9TRISTRD
1 IKsIRGTEMs (BNZ(K) sK=]+TRINS)+TB.TER

IF(AZM?2 LT .270.3)G0 TO 14
TIME=AQ #THTM

IF(TIMELGTJEMTIKEY=1
IFE{ABS (AZM] =A7M2) 4 GT,30.160 TO 150

GTLN=TRI
— PHIZ2=(90.=-A7M2)*R]/180,
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COT2=COTAN(PHTZ)
COTI=COTAN(PHT1)

905

DO 905 K=1+IRBINS
BN2{K) =10 %% ((BN2(K)+PQ}/14,)

DO S J=1sJUN
TF(PHY] i T.=PI)PHII=PHT]1+2,*PT

IF(PHIZ LT ~PTI}YPHIZ2=PHIZ+2.#P]
T1=TNT((AYZ+J*DIS)Y*#COT2 =XZ}/DIS)

I2=INTF({{YZ+J=DIS)=COT1 =XZ}/0D15%)
IE=MAX0(]1s12)

IB=MING(Il,I2}
JF(IB.FR.IEVGO TO 5

183=18+1

IF(IB.GT.INMIGN TO 5
IF(IE.6T-.INYIE=IN

IF(IE.LT.1)GO TO 5
Y=YZ+J#DIS

DO 4 T=1IBsIE
X=XZ+1#DIS5

R=SQRT {X##2+Y##2)
PHI=ATANZ2 (Y4 X}

S=ABS((PHI-PHI1)/(PHIZ-PHI1) )
RI=YNT(R/GTLNI*GTLMN

R2=R1+GTLN
I=(R=R1}/(R2=R1)

TANI=INT (R/GTLN)
IRNP=TOM] +}

F=AN] (IRN2) +S#{RN2 (1BN2) -BN1 (IBNZ) )
G=BN] (TAN]1Y+S# {(AN2{TAN1)-BN]1 (IBN1))

Lh

RESP(I+J}=G+T#*(F=G)
CONTINUE

AZM1=AZM2
PHI1=PHIZ2

DO & K=15IBINS
BNY (K) =BNZ (K)

150

GO TC 3
CONT INUFE

TOIFF=TNZ2-TN1
TN1=TN2

AZMY1=AZM2
RETURN

END
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(iii) Subroutine MAPP

{FORsST _ 9.5UR9

SURROUTINE MaRP(ZeIEsJE)

—_ _COMMON_ /BLOK/TIBINS«IN o JM_sDISsPlexZeyZsTDIFFeTN1+RN]1{300), -

1BNP{(300) s KXCART o PHI1 9 AZMLI o TDAL o THL 9 TM1sELMAXYELMIN +TE«TDAsTHe TM
DIMENSTION Z(IE»JE) sCHAR(13)sPR( 131}

DATA CHAR /1H 91H141H291H3s1H4s1HSs1H691HT91HBs1HGs1H¢+s1HBs1HL/
FMIN=Z(1s1)

FMAX=Z(1ls1)
DO 1 _J=1lsJE

DO 1 I=1+IE
IFE(FMINGGT o Z{1s JIVFMIN=Z(T,s4)

IF (FMAX LT Z(TsJ)IFMAX=Z (T4 J)
FDIFF=FMAX-FMIN

WRITE{6e3)FMIMNSFMAXSFNIFF
SE=10,/FDIFF

RSF=1./5F
WRITE(Ae2IRSFSFHMIM

2

FORMAT(IHD;IOX!IIHTRUE VALUE=3F11.5217H X PRINT VALUE + +F11.5}

3 FOQMAT (1H]1 s 1OXe P4HMINTMUM VALUE=9E12.545Xe 14HMAXTMUM VALUE=+E12,5%
. 15X 10HNIFFRENCE=9E12.5)

JEP=2% JE+2

DO 5 K=1,JEZ?
PR(K)=CHAR(12)

WRITE(A+99) (PR(K)+K=14+JE2)
JE1=JE +1

DO 10 I=1sIE
DO A K=2sJF]

IP=INT((Z{(IsK=J}~=FMIN)*#5F) +]
TF('p-FQ-l.ANDnZ(I!K-I).GT-I.) Ip=13

KE=2#K =2
KO=KE+1

PR(KO}=CHAR(])
IF(MOD(T910) MELO0)GO T 8 -

DO 7 IN=21,4.JE7+20
PR(1ID)=CHAR({11}

PRIKE)=CHAR(IP} _ .

WRITE(/+99) (PR(K}sK=14+JEZ)

CONTIMIE
DO 11 K=1lsJF2

PRI{K)=CHAR{12)
WRITE(A999) {PR(K) +K=14+JE2)

FORMAT(1H +131A1)
WRITE(6+FTIELMARSELMIN

FORMAT(1HO+10Xs 14HMAX RADAR ELEVsFS5.1410Xs14H MIN RADAR ELEsFS,.1)
WRITE({A«98)TDALsTH] »TM]

FORMAT (1HO+ 10X+ 3HNAY sFA 19 10Xs4HHOURIFSa1 410X+ 6HMINUTE$F5,. 1)
RETURN

END
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Appendix B - Program RSUM

(i) Main Program

[FORsST 4 MAIN
COMMON/PLO/TRUF(1024)
COMMON/BLOCK/IB(6YsIE(H) 2 JB(6) s JELO) »yRGALI(6) sRGAZ(6) +RESP(T3962) s

1 TIMESsTNA1I00 «TNIFF«BEGMIH95)+ENDM{H5)
DIMENSION IR(A)+RINT(T3I962)+FIM{6+6) +SO0U{TsS)sCYP(H34)
1 PAH(G6s T) + GAR{Z21413)

DATA/RINTsFIMaSOUsCYP4PAHSGAR/4936%0,/
IR IS THE BEGINNING COLUMN OF THE CLUSTERS
IE IS THE ENDING COLUMN OF THE CLUSTERS
JE_IS_THE ENDING ROW.
JB IS THE BEGINNING ROW
NOTE THAT T DIMENSIONS REFER TO X COORDINATE s J REFERS TO Y
IN, N ARE THE 1 AND J DIMENSIONS OF THE ENTIRE TARGET
DATA/TR/09114) 436453443/
DATA/TE/T2+1694734145R463/
DATA/ JR/0e24939¢1Re&T7427/
DATA/JE/6)1 420443921 953439/
DATA/RGAL/AHENTIRESGHIMOKAL + 6HSOUTH +6HBIG CYs6HPAHOKE s 6HGARSTA /
DATA/RGAZ/6H TARG.+HHLEE" sy 6HBAY y6HPRESS +6HE s 6HNG NET
CALL PLOTSI{IRUF«102449)
IN=73
JN=62
ET=0-
£ READ TN THE STARTING AND ENDING TIMES
- DO & I=146
REAND(S+2) (REGM (T +KYSENDMI{T4K) sK=145 )
2 FORMATIS (1XaFS.291X9FS.2))
C FIND THE LATEST ENDING TIME
DO 1 K=1+5
1 JFIFNOMIT oK) ¢BT a0l e ANDCETLTLENDMETsKYIIET=ENDM(I4X)
C ID(K) REFERS TO THE TIME PERIOD OF CLUSTER K BEING SUMMED OVER
4 ID(1)=1
TIMO=BEGKM(1+1)
TIMS=TIMO
KTM=0
C KTM IS THE NUMRER OF TIMES THIS SECTION HAS BEEN RUN
S CONTINUE
KTIM=KTM+]

orsn")n")
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c READ IN DATA
DO 6 I=1+1IN

6 READ() {RESP(TsJ) e =14 JIN}
—  READ(IITDIFF+TDA]sTHI«TMleF| MAXSELMIN

IF(KTM.EQ.1)GN TO S
TIME=THI+,01#TM]

DO S0 K=146
IDO=ID{K)

IF(REGMI{KsINDY JLT+.011¥60 TO 50
IF(BEGM{K INQ) GIL.TIMFIGO TO 50

C PERFORM THE INTEGRATION OVER THE LATEST TIME PERIOD
IF(K.FD.1)CALE SUM(RINT, TE(KI-TB(K)+]e JEI{RI=JIB{K)+] oK)

IF(KJEQ.2)CALL SUM(FIM o TE(K)=IB(K)+1sJE(K)=JB(K)+1 +K)
IF(KFOL3)CALL SUM(S0U IE(K)=TB{K)+]1 s JE(KI~JB{K}+]1 +K)

L1
IF(K«EQ.4)CALL SUMCYP o TE(K)=IB(K)+1+JE(K}I=JB(K}+]1 sK)
JE(K.FOL5)YCAEL SUM(PAH 9 TE(K)=-TBUKI+]1+ JE(K)I=JB(K)+] +K)

IF(KJEN6)CALL SUM(GAR IE(RKY-IB(K)+1+JE(K) =JB(K) +1 +K)
FECFNDMIKSTN0) JGT o TIMV)GO J0 50

IDEKY=IN(K) +1
YE(FT.l ToTIME-,))GO TO 99

S0 CONTINUE
C EVFRY HOUR PRINT THE TJOTAL TARGET

IF({TIME.LT.TIM0}GO TO S
CALL MAPP(RINTs INsJIN)
SUMA=0.,

D010 ¥=1s1IN

JSSINT (.288%(I-1)+41,4)
po 10_.4=1s.J5

10 SUMA=SUMA+RINT(I» )
SUMA=SIIMA#3434 , 27

WRITE(6+11)TIMSsTIMO»TDAL
11 FORMAT(1HCO+10X220H ENTIRE TARGET FROM sFS.2s3H TO +F5.244H DAY,

X F4.0)
WRITE(6s12)SUMA

12 FORMAT(1HO+10Xs15HTOTAL RAINFALL 9E12.5413H CUBIC METERS )
L TIMO=TIMO+1,

G0 70 5
99 CONTINUE

CALL EXIT
—--END

56




(ii) Subroutine SUM

(FORySI  +,SUBC
SUBROUTINE SUM(Za TENs JENIK)

COMMON/PLO/TRUF (1024)
COMMON/RLOCK/TIB(E) s TE(R) 2 JB(E6) 1 JELE) sRGAY (6) sRGAZ(6) +RESP(73962) s

1 TIME+sTDAL+IDD +TDIFF+BEGM(695) +sENDM(64+5)
DIMENSINN Z{IENsJEN)

TENI=TEN-1
JEN] = JEN=1

SPX=45
SPY=.S

Cc FIND THE RIGHT SCALE TO BE USED IN PLOTTING
IF(KeEQL1)ISPX=,1

IF{KeENL1)SPY=,1
DO 1 I=1+1EN

DO 1 J=19sJEN
INEX=] +iA(K)

JOEX=J +JB(K)
1 Z(Te =2 Iy J)+TOIFFRRESP (IDEXs JDEX)

IF (ENDM(KsIDO) «GT.TIME)RETURN
C THE NEW ADDITION Y0 THE TIME INTEGRATION

WRITE(6515)
15 FORMAT(1H])

IF(KNF,1}GO TO 2
CALL MAPP(ZsIENsJEN)

C FIND TOTAL TARGET RAINFALL IN CUBIC METERS
SUMA=0,

DO 11 T=1+IEN
JS=INT (,2887#(1-1)+41,4)

DO 11 J=1sJ8
11 SUMA=SIMA+Z(T. )

SUMA=SUMA®3434,27
WRITE(54]12) SUMA

12 FORMAT(1HO910X+31HTOTAL TRAPEZOID TARGET RAINFALL »
1 £12.59134 CUBIC METERS )

G0 TO 3
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— .2 CONTINUF

IF(KeNELJLIWRITE(E416) .
16 FORMAT(1HO0 420X+ 5HNORTH)

DO 6 J=1+JEN
- JR=JEN-J+] -

6 WRITE(A+T)I{Z{(T+JRYsI=141EN}
7 FORMAT(1HO0s/»]10%Xs24F5,]))

3 WRITE(A+8IRGAT{K) sRGAP{K) +BEGM{K s TD0Y 4ENDM{K+IDO) » TDAL
8 FORMAT(1HO910Xe28h¢RH RETUEEN 9F6.294H ANDsF 62y 4H DAYeF4,00

1 211 TOTAL RAINFALL IN MMs// )
AMI=21(141)

AMA=Z(141)
— DO 13 T1=1s]EN

DO 13 J=lsJEN
CIF(ZUT00) LT AMI) AME=Z (19 J) L
IF(Z(T+J) o GT4AMA) AMASZ (T ) .
13 CONTINVE,

CINTER= (AMA=-AMI) /6,

£ CONIOUR THE _SUM_ ARRAY
CALL CLOT(Z+IENsJENSCINTER14+SPXsSPY 1)
C REINITIALIZFE TQ__Z7ERQ

DO 10 T=1sIEN
DO 10 J=1sJEN

10 Z(t+ =0,
RETLURMN.

_END
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Appendix C - Tracking and Fourier Analysis Program

Main Program

[FOR,SI s JMAIN
DIMENSION _COSX(30)+SINX(30)+CROS(30)

COMMON/MAT/MATCHI(30.6)oMATCH2(30s6)vNUM(30)oIETN(BO)’IDENT(30}9
1. RTOT(30) sMERGNIE ) sMERGI (6 )+ NSPL(6)

2 XL (323014 YL(3430)+TL(3:30)
DIMENSION FMET1(3+30).FMET213430)

DIMENSION AQFA1(30)yARFA2(30)sXC1(3O)9XC2(30)9YCI(30)9YC2(30)
DIMENSION SQ1(30)+502(30)

DIMENSION AREA(30)«RFALLI{30)+RFALZ2(30)
DIMENSTON COF(9+4930)4PERIM(30) +RFALL (30),IBRDS{30)

COMMON/PLO/TRUF(1024)
0 DIMENSION RESP(T75464)

COMMON /BLOK/IBINS+IN «JIN +DISsPIsXZsYZsTDIFFeTN1sBN1(300)
1BN2(300) s KCART »PHT] 4 AZM]I o TDAL o THI o TM] 4 FLMAXSELMIN 4 TE+TDASTH»TM

CALL PLOTS(IBUF+1024+9)
CAll FACTOR(.07)

SMT=540
EMT=6R0 -

THRESH=1.
MHAM=9

NECH=30
KEY=1

KCART=¢
REWIND 2

PYI=3.,14159265
DIs=1,

IN=T75
JN=64

IN1=IN-1
JN]=N-1 -

IM=1IN
JM=N

DO 33 T1=1 +30
RTOT(I1)=0

NUM({TI1Y=0
IDENT(T1)=0

IETN(I1) =0
33 CONTIMUF

IBINS=300
XZ=T75,09% SIN(2R1.06%P1/180.) =2,

Y2=75,.09% COS{281.06%P1/180.) -2.
TN1=0,
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CALLL RGAGLE
CAtL BOX(ING,JINY

194 DO 201 I=2.1IN1
201 READ(2) (RESP(1+J) s )=2s JN1D

READ(2)TDIFF s TDAL»THl s TMISELMAXSELMIN

o IF(THI.LT.l4.)G0 TO 194
PN e
Y - S -SSP SR Y

PSRV FNWE SRS TS Ta = e e
CALL _MAPPI(RFSPyIMe M)

CALL FOURAN{RESPsIMyJIMs THRESHsCOF s PERIMsRFALLsNECHsNHAMs AREA,
1 4+ TRRDS s IFCH)

CALL METRIC(COF ¢NHAM 24430+ IECHSFMET14395Q1)
CAEL ROX{INs IN)

NECH1=TECH
DO_35 T1=1,NFCHI]

NUM(I1)=I1
IETNLINI=IT

IDENT(T1)=100000%TH1+1000%TM1+10%I1
XC1(I11=COF(1+s1s1I1)
YC1(E1)=COF(1,3-11)
RFALL(TY)=RFALL(IY)

DO 34 K=1¢3
XL (K T1)=XCYI(I1)

YL(KsI1I=YCIL(IL)
34 TL (Ke¥)1¥=TH]1+TM1/60.

35 AREAL{T1)=AREA(I1}
DO 20 TJK=1,100

DO 202 I=241IN]

202 READ(2)(RESP(+J) s J=2s INI)
Bty frdpenfniempeleiy
ST

PR WRRNST=FT W R R W VT W SRR S AR S
READ(2ITDIFF 2 TDAL e+ THL1 o TMIoELMAXSELMIN

CALL FQURAN(RFESPsIM¢JIMs THRESHsCOF sPERIMsRFALLsNECHsNHAMs AREAS
1 44TRRDS, TECH)

CALL METRIC(COF ¢NHAMs4+30+ TECHsFMET2434+5Q2)
NECHR=TFCH
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DO 36 12=1.NECH2
XC2(12)=COF (14112}
YC2{I2Y=COF{143.:12)
RFALZ(12)=RFALL(I?)
# 26 AREA2(T2)}=AREA(12)

CALL _MATCH(AREA] 4 AREAZaXCLlsYCl o XCEsYCPoNECHI s NECHZ2RFAL T30
1 sFMETY«FMET2+SQ19502+3)

CAtL MAPPI(RESPyIMy UM}

CALL NL‘MBER(IOO'-QO’IOS’TDAI’OI’-I)
CAtL NUMBER (17,064,911 ,5¢TH140,9-1)
CALL NUMBER(P4,9~8,91,51THM1s0,.9=1?
DO 120 I=14NECHZ

A=COF (2+191)

B=COF (2+2+1)

C=COF (2¢3+1)}
D=COF (249 1)

COSX(TI=ARAHFMET2 (19 1Y +A#CHFMET2(24 1) +CECHFMET2(341)
SINX(I)=B*RAFMETZ2(1+ 1) +B*DHFMET2(2, 1) +D#N#FMET2(3,1)

CROS(IY=2#A¥BRFMET2{1 s 1)+ {BRC+AFDIHFMET2 (29 1) +2.,#CHD*FMET2(3s 1)
120 CONTINUE

CALL BOX(INsJIN)
NECH1=NECH?

DO 37 I1=1sNECHIL
XCI{I1y=XxC2¢(I1)

¥C1(I1)=YC2(I1)
RFALL{Y1)=RFAL2(T1)

DO 39 K=1»3
39 FMETI(KeI1}=FMETZ2(KoT1)

37 AREAL(I1)=AREAZ{Il)
20 CONTIMUE

21 CONTINUE
CALL EXIT

END
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(Find the Contour Starting Point)

T "SUBROUTINE FOURAN{ZsINsJNs TRESH »COFsPERIMsRFALLsNECHsNHEMsAREAs

1 K4+TRRDSsIECHS)

LOGICAL DON
DIMENSION AREA (NECH)

DTIMENSTON Z(INsJIN) ¢ JCK(4) 2 ICK(4) s INC(4) 9 JINC(4) 4ND(4)
1 sCOF (NHEMWK4oNECH) yPERIM(NECH) ¢RFALL (NECH) 9 IBRDS (NECH}

COMMON/PLO/TRUF (1024)
COMMON/ANA/TCNT » JIECHs TDON(S993) « JDON(SGG91 4 ISDON{G99) »

1 ISTSe STSeXS(400)4YS(400) +MCOUNT 9 ISTORE
2 JSTORES ISTRE IRORDSs IRORDE + NHAMe IND s JND» THRESH

DATA JCK/03s041+0 7
DATA ICK/04914040

DATA JUNC/CslsDel /
DATA _TNC/1+04+1+0 /

THRESH=TRESH
IND=]IN

JND=UN
NHAM=NHFM

ND{1)=TIN
ND(2) =N

ND(3)=IN
ND(4) =N

DO 1 I=1+IN
D01 J=leJN

2 1+ JY=Z(LsJ)~THRESH
TE(ARS(Z(Te. 1)) GT.}3G60 TO 1

IF(Z(I+J)sLT 04160 TO 5
241 ) =.1

GO T0 1
Z{Ts ==l

w ln

CONTINUE
ICNT=1
IECH=0
IDON (13 =0

JOON{13=0
ISDON(1) =0

DO 100 ISI=1+4
IEND=NDIST) L e ——
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" DO 50 K=1sI1END
I=K# INC(IST)+1+ (IN=1}#ICK(ISI)-INC(ISI)

JEKEINCCISTY+ 1+ (UN=1)#JCK(ISI)~JINC(ISTI)
Z2(1+J)==THRESH

50 CONTINUE
100 CONTINLUE

IN1=IN-1
JN1=JN~1

DO 200 IG=1s1IN1
I=IN=IG

DO 200 J=Z24JN1
IF(Z(Te )¥*7¢T+10J) GTo0,)60 TO 200

ISTORE=1
JSTORE=.J

ISTRE=1
IBORDS=5

IF(DON(T9Je1+6))G0O. TO 200
CALL _FOLL(Z+INyINsCOF s PERTMsRFALL sNECHoNHEMs K4+ IBRDSe AREA)

IF (IECH.GT.30)G0O TO 39
IF (ICNT .GT 499N WRITE (6+555)

555 FORMAT(1HOsRHICNT MAX)
IF{ICNT,GT 4999} RETURN

200 CONTINUE
203 CONTINUE

DO 201 I=l.IN
DO 201 J=lsJN

Z{Tsy N=Z{1+J)+THRESH
201 CONTINUE

00 31 K=1sIECH
Call FOUPLO(CNF (191K ) sNHAMs 4 s PERIMCIECH) + IBRDS (IECH) s Ks TN JN)

31 CONTINUE
TIECHS=1ECH

RETURN
39 CONTINUE

WRITE(6+40)
40 FORMAT(IH o2QHTOTA[ ECHOFS TO MANY )

GO TO 203
END
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(Follow Echo Contour)

[FORWSI s e3UHZ

—— SURRQUTINE_FOLL{ZsINs INsCOFsPERIMsRFALL sNFCHsNHEMy K45 IBRDSAREA)Y |
LOGICAL DON
DIMENSINON AREA(NECH)

DIMENSTON Z(INeJN)SIC1(4) 9 JCL{4)YsIC2{4)+JC2(4) KX {4) KY (4)
14I16T{4) o JGT(4) s ISGT(4) «COF (NHEMsK44NECHY 5 TBRDS (NECH) +RFALL (NECH} s

2 PERIM(NECH)
e COMMON/PLO/TIBUE (1024)

COMMON/ANA/TCNT s IECH IDON(999) » JDON(S99) s ISDON(999) »
1 1STS+dSTSaXS(400)s¥YS(400) +MCOUNTSISTORE

2 JSTOREZISIRE+IBORDSs JRORDE+NHAM s INDs UNDs THRESH
DATA ISGT/3e&tel92/
DATA IC1 /0+4140+0/
__  DATA .JJCY /040e1+0/
DATA IC2 /1slels0/
DATA JUC? /0slslel 7
DATA KX /1+0:1-0/
DATA KY /0s1+0s1/
DATA IGT /0sls0s-1/
DATA _JGYT /=140e1+0/
PI=3.14159
ISI=ISIRE
IST=ISTORE
JST=JSTORE
ITRY=IST-KX{ISI}
JTRY=JST=KY{IST}
DF=1.E-=20
IECH=TECH*]
IBRDS(IECH)=IRORDS
IF(Z(ISTeJST) L. T.0,)GO TO 6
ISTART=1ST
JSTART=JST
GO TO 7
6 TSTART=TST+KX(ISI)
JETART=KY (ISI) +J45T
7 _CONTINUE
M=0
IF (IBORDNS«FQa2) IST=IN=~]
IF(IBORDS.EG.2) ISI=2
IF(IRORNSF Q3 JST=UN=]
IF(IBORDS.EQ.3)ISI=3
IRI=IST+ICI{ISD)
JRI=JST+JCILISIY
Z1=Z(JR1+JRL)
1R2=1IST+IC2(I5I)
JR2=JST+JC2(IS5T)
22=2(1IR2+JR2)}
I1STS=1ST
J5TS=JST
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M=M+]

XS(MI=IST+ICL(IST)+Z1/(Z1=22}#KX (ISD)
YSEM)=JST+JCI (TSI +21/(Z)=-72)#KY (IS])

40 CONTINUE

CALL PUTA{IST+JST»ISI)

DO B0 KZ=1,3
KS=MOD (KZ+ISI-1s4) +1

TI1=1ST+ICI(KS}Y
J1=JST+JCI (KS)

12=15T+1C2 (KS)
J2=J5T+JC2(KS)

IFC(IlelTsloaNReI2uGTeINLOReJL ol Tol ORI1.GT+JINIGO TG 997
IF(IE-LTO]..OP.I?.-GT-IN-’OR.JZ-LT.IDOR-JEUGTOJN,GO TO 997

Z1=2(11sJ1)
= 2 9,42)

IF (Z21%72.6T.0.)G0 70 50
IF (ABS (Z1-Z2) +LE+0,)G0_TO 50

M=M+1
TF(MeGT4)GO TO 45

IF (NOTDON(IST+JSTeKS+6})G0 TO 45
IECH=IFCH=1

RETURN

—— 45 CONTINUE

IF(MusGT.400IWRITE(64995)

—995 FORMAT (1HOQ.33HPRORARIEF LOOP)

IF(M,6T.400)YG0 TO 999
XS(MI=T) ¢Z1 /{71 =72) ¥KX{ KS )

YS(M)=J1+Z1/{Z1~-27)#KY (KS)
IF(DON{IST2JST+KS+5) )60 TO 999

CALL PUT(ISTsJS5TsKS)
IF(TICNT.GTa999)6G0 TO 999

IST=1SGT(KS)
IST=I1GYT (K5)+1SY

JST=JST+JGT (KS)
GO _TO 40

50 CONTINUE
— HRITF(£+958)
998 FORMAT(1HO+10X+16HCANT EXIT SQUARE)

GO TO 999

997 WRITE(6+996)114129J14+02
996 FORMAT (1HOs10Xs4I5,9HRAD TINDEX)

— 990 FORMAT(IH _»10Xs513)

WRITE(6+990) IBORDS+ISTaJSTyKS oM

WRITE(6+991) (XS(MD) s MD=19eM)
WRITE(As99)1)Y {YS(MD) s MD=19M)

991

FORMAT (1H 426F5,1)
IB=MAXQ (1ST=541)

TE=MINOLIST+5Ss IN)
JB=MAXN(JST=5+1)

JE=MINO (JST+54IN)
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Do 892 .I=JB..JF
JR=JE+1=-J

__B92 WRITE(6+B895)(Z(I+JR).I=IByIE)

895 FORMAT (1HD+/+10F10,5) -

— 999 CONTINUE
M=M+]
XS(MI=x5(1)
YS(MI=YS (1)
MCOUNT=M
IBORDE=KS
CALL ECHOF {COF+PERIMsNHEMa K4 s NECH)
CALL PUT(ISTsJUSTeKS)
IF{ICNTLG6T ,9993) RETURN
I=TECH
AREA(TI)=0.

DO 160 NH=]1+NHAM
160 AREA(IV=ARFA(TI+PI#{COF{NHslsIIHCOF (NHy&,41)=COF (NHe2o 1) %
1 COF (NHy3,1))
IF (AREA(IECH) ,G6T40..,0R.IRORDS.NE,S}GO TO 161
IECH=TECH-1
RETURN
161 AREA(IECH)=ABS(AREA(IECH))
IF (AREA(IECH) 46T 2,160 TO 162
IECH=IECH-1
RETURN
162 CONTINUE
REALL (Y1) =RF (ISTART»JSTARTsZs INs JNy THRESH)
RETURN
END

v g s

(Store locations already found)

SURRQUTINE PUT(TIST+UST«IST)

DIMENSTON ISP (4} +IPU{4) +JPUL4) s IGT (4) +JGT (4)
COMMON/ANA/TCNT+ TECH TDON(999) » JOON{999) s ISDON{99G) »

1 ISTSeISTSeXS(400)+4YS(400) sMCOUNTISTORE,
2 JSTORF.ISTREIBORNS s TRORDE s NHAM IND s JND s THRESH

DATA IGT/130e=140 /
DATA JGT /7 Oes1e0e=1 /

DATA ISP/lsbelst/
DATA JPU/0+140+0/

DATA JPU/0s041+0/
TONT=TCNT+1

IF(ICNTLGT «999)RETURN
ISDONLICNTY=TSP(IST)

IDONCICNT)Y =1ST+IPUCIST)
JDONCICNTI = JST+ JPUCTIST)

RETURN
END
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(See if a poinf has already been found)

FUNCTION DON(ISTs ST ISIsKEY)

LOGICAL DON
DIMENSINN ISP ({4)IPU(4)«JPU(S)

COMMON/ANA/TCNT « IECHy IDON(999) « JDON{599) 4 ISDON(93G9) »
1 ISTS+STS5+X5¢400)4Y5{4n0) +yMCOUNTSISTORE S

2 JSTORFGISIREIROPNS e IRORDE « NHAM s TND s JND o« THRESH
DATA ISP/ls4elsa/

DATA IPU/0elsD9+0/
DATA JPU/040414+0/

DON=.FALSE.
IF(KEY,FQ.5)569 TO 100

D0 20 K=1sICNT
IF(ISP{IS]) o NELTSNON{KY OR ISTuaNE, IDON(K)

1.,0R.JIST.NELJDON(KYIGO TO 20
poN_=,TRUE,

RETURN
20 CONTINUE

RETURN
100 TF(TBORDS.NF,S5)G0 TO 200

IF (ISTSWNELIST+IPU(IST) sORGJSTSNELJIST+IPULIST)
1.0R. ISP (ISTI NEL1IGO TO 150

DON=.TRUE .
150 RETURN

____I_L!_an-l aAND. IqI IFQC3) DON=.TRUEO

IF(JST.EQel ANDWIST.ENL1IDON=,TRUE.
2 IST.EQ.4)}DONS, TRUE »

IF (DON)CALL PUT(IST+JSTHISI)
RETURN

END
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(Calculate FMET, the coefficients deseribing the ellipse)

SURROUTINE METRIC(COF sNHAMyK44K30s JECH«FMET+K3450Q)
DIMENSTON RAS(3+3)4CAS(343)

——DIMENSION_SQ(K30)
DIMENSTON COF (NHAMW2K&44K30) s FMET (K3,K30)
DO_151_1I=l,IFECH

A=COF {24+1+1)
B=COF (2+2+1)
C=COF(2+3+1)
D=COF {24921}

BAS(1+1)=A%*A
BAS(]ls2) =A%

BAS(l+3)=CsC
BAS(2.1)=8%8

BAS(2+2)=8%D
BAS (2+3)=D#D

BAS(3+1)=A%R
BAS{3+2)1=(R=#C+A*D) /P,

BAS(3+3)=C#D
DEMOM=8AS(]+]1)#(BAS(2+2)#RAS(3+3)~BAS(3+2)#BAS(2+3))

1 =AAS{1e2)#(BAS(2,1)#BAS{3+3)-BAS(3+1)%BAS(2+3))
2 +BAS(143)#(BAS(24]1)FRAS(3+2)-BAS(2+2)*BAS(3+1))

SQ(I)=SART({A#A+B2B+C#C+D%D) /2,0 )
DO 151 K=1.3

DO 143 1D=1+3
DO_143_J=1,3

143 CAS(IDyJ)=RBAS(IDy.J)
CAS(1+KY=5Q (1)

CAS(2+K1=5Q(1)
CAS{3+K}=0,

FNU =CAS{1+1)#(CAS(242)#CAS{343)-CAS(3:+2)#CAS(2+3))}
1 =CAS(] 92 ) # (CAS(2, 1) #CAS{3+3)-CAS(3+4]1)1#CAS(2+3))

2 +CAS(1e31#(CAS(2+1)1¥CAS(352)-CAS(2+2)%CAS(3e1))
151 FMET (K1) =FNU/DENOM

RETURN
END
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(Calculate Fourier Coefficients)

[EQOReST . aanlHT

SUBROUTINE ECHOF (COF +PERIMyNHEM K4+ NECH)
DIMENSION COF (MHEMsK4 «NECH) 9 PERTM(NECH)

COUMON/ANA/ZICNT+JECHS IDON(S99) ¢ JDON(999) 4 ISDON(999) ,
1 JSTISe JSTSeXS{400)eY¥S5(400) «MCOUNTSISTORE

2 JSTOREsISIRE,IBORDSs IBORDEsNHAMs INDs JNDs THRESH
DF=1.FE=4
P1=3.1415926
DO _1_J=1sNHAM

DO 1 K=1+4
COF (JoKs IECHY=0,

SLENG=D.
DO 6 T1=2sMCOUNT

6 SLENG=SLENG+SQRT{{XS(TI)=XS{I~1))##2+(YS(I)=Y5(I=1))#*2)
PERIM(TECHI =St ENG

DO 200 NH=2,NHAM
_N=NH-1

Sl=0n
DO 100 I=2+MCOUNT

S2=S1+3ART ((XS{I)=XS{I-1))##2+(¥S{I)=-YS(I-1))##2)
IF{ABS(S51-52)  LE.OFIGG TO 100

PX=(XS(T)~XS{1-1}}/(S2-5])
PY=(YS{T}~-Y5(1-1))/(52-51)

OX=XS(T)=-PX#52
OY=YS{1)~PYH#SD

CN=2#N#P1/SLENG
Ul=CN#51}

U2=CN#52
SIN1=STN{Ul}

SIN2=S1IN (U2}
€0s1=Ccos{ul

cos2=Ccos{uzy
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DO_COFFF COS FOR X

T2=QX/CNBSINZ+PX# (CNtte (=2) #C052+52/CN+5IN2)
T1=QX/CN#SINL+PX# (CHEn(«2)#COS5]1+51/CN#5INT)

COF (NHs 19 IECH) =COF (NHs 1 s IECH) #2 . /SLENG* (T2-T1)
DO COFEFF SIN FOR X

T2==QX/CN#COS2+PX® (CN## (-2} #SIN2=52/CN#COS2)
T1==0X/CN#COS]1+PX# (CN## (=2) #SINi1~S51/CN*COS1)

COF (NHo2 9 IECHY=COF (NH+ 23 IFECH) +2,/SLENG* (T2-T1)
DO COFFF COS FOR Y

T2=0Y/CN#SIN2+PY* (CN## (-2) #L0S52+52/CN#SIN2)
TI=QY/CN#STNL+PY#* (CN=# {=2)#COST1+5]1 /CN®SIN])

COF (NH¢3sIECH) =COF (NHe 3+ IECH) +2, /SLENG#{T2-T1)
DO COEFF SIN FOR Y COORDS

T2==QY/CN¥COSZ+PY# (CN## (=2) #5IN2=-52/CN#C0S2)
Tl=~QY/CN#COS1+PYH(CN®#(~2) ®¥SIN]1-S1/CN®C0OS1)

COF(NH 49 IECH)Y=COF (NH#+&4 s IECH)}+2,/SLENG* {T2~-T1)}
51=52

100
200

CONTINUE
CONTINUE

CALCULATE ZERO HARMONUC COEFF
COF()l+2«JECHY=0,

COF(la4+IECHY=0.
S1l=0, :

DO-300 I=2+MCOUNT
S2=S0RT((RS(T)=XS(T1-1))##2+ (¥S(T)=~YS{J-1))*%*2) +51

IF(ABS (S1=82).,LE.DFIGO TO 300
PE=(XS{T)=x5(T1~}1))/(52=-5])

PY=(YS(T)=-YS(I-1)}/{(52-51)
BX=XS(T)=-PX#S5?

ay=YS(1)-PY#52
2=, . S#pX#S2#FP+QAREP _

Tl=,S#pX#51##24+QX%5])

COF(ls1sIECHI=COF (141 JECH)Y+(T2=-T])/SILENG

T2z, SH#PYH#S 28 24QYHS2
Jl=.SHPY#S1##24+QY#S)

COF{(1¢3+JECH)=COF {143, IECH)+{T2=-T1)/SLENG
Sl=%¢

300

CONTINUE-
RETURN

END ’ _

70




(Volume Rainrate Calculation (RF))

ErUHeSE  eabuHtl

FUNCTION RFE(ISTeJSTa7Ze IMNs Ny THRESH)

DIMENSION Z(IN!JN)QICH(B)!JCH(B)!ICHE(SUO)QJCHE(SOU)
DATA ICH /=1e09lslelafle=1s-1 /

DATA JCH /=1e«la=19091912l4+0 /
DF=1F=?P0 £&=—RE=0.

ICHE (1Y =1IST
JCHE {1Y=JST 3

RF=Z(I5T+JST)
MD=1

MC=1 _
ZLIST+.0ST)==Z(ISTJST) )

DO 5 I=1s8
IC=1ST+ICH(T)

JC=JST+JICH(T)
IF{ICelTel R4 ICGToINJOReJCulT1, OR.JC‘GT.JN)GO 70 &

IF{Z(ICsJCI.LTLOFIGO TO 5
MC=MC+1

IF{MC.LE.500)50 TO 11
RF==1,

11

GO TO 8
ICHE(MCY=IC

JCHE{MC) =JC -
RF=RF+7(I1C+.JC}

Z(1CsJC)=-Z(ICsJC)
CONT INUE

IF{MD.GE.MC)GD TO B
MD=MO+1]

IST=ICHE (MD)
JST=JCHE (MD)

G0 TO 3
DO 9 M=1eMD

IC=1CHE (M)}
JC=JCHE (M)

Z{IC»JCY==Z(IC»JO)
IF(MO.FQ,500)REFTURN

RF=RF +MD# THRESH
RFTURN - -

END
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(Match Echoes and Update Echo Labels)

LFUKsSL s .5UHILD
SURROUTINE MATCH(AREA) «AREAP ¢ XClsYClaXC2¢YC2aNECHI »

1] NECH2 s RFALL +K30sFMET1»FMET2+501+5024K3)
DIMENSINN FMETI (K3+K30) +FMET2(K39K30),501 (K30) +502(K30)

DIMENSTON NUMN{30) « TETNN(30) + IDENTN(30)
COMMON/MAT/MATCH] (3061 sMATCH2(3046) oNUML30) s TETN(30) s IDENT(30) »

1 RTOT(3NY+MERGN(E J+MERGI (6 ) +NSPL (61}
2 o XL {3430V oYL {34301 TL(3430)

COMMON/PLO/TRUF (1024)
DIMENSTION AREAL (NFCH]) s AREAZ(NECH2) o XCT {NFCHLI)sYC] (NECH]}

1 ¢ XC2 (NECH2) s YC2 (NECH2) +RFALL{K30)+RBE(S)+IRB(S)
COMMON /BLOK/TBINSIN o JIN s DISPT«XZaYZsTDIFFsTNLISBN1{300)

1BN2{300) s KCARToPHTIL 2 AZM1 9 TDAL s THL s TH1 yELMAXSELMIN o TE9sTDAsTHs TM
FYx=60.

TM2TH1+TM1/60,
PI=3.14159

DO 57 I=1»30
DO _S7 K=1s6

MATCHLI (TsK)=0
MATCHZ2(1,K)1=0

57 CONTINUE
DO 56 T1=14NECH]

IEY=TETN(II1}
PX=(XCI(T1)=XI (3« FET)IHTNIFF/(TM=-TL (3+JFT})

PY={YCL{I1) =YL (IS IET)I*TDIFF/ (TM-TL{(3,IET))
RD=SART (PX#PX+PYHPY)

IF(RD.I.T+3.)GN TO 54
PX=PX#2, /RO

PY=PY#2,/RD
S4 CONTINUE

XC1(I1)=XC1(T1)+PX
YCI(I11=YC1(L1)+PY

S6 COMTINUE
KIMS=0

1 CONTINUE
KTMS=KTMG+]

D0 90 I1=1,NECH]
Q8=1.F20

RA=1.E?0
IM=0

IBR=0
180=0

D045 I2=14NECHZ
ARM=AMIN] (MREA]1 (I1) +ARFAZ(IZ2})

R=(XC1(T1)=-XC2(T2))##2+ (YC1(I1)-YC2(I2))#=2
—  O=aRFAI(I]}/AREAZ(IZ)

O=AMAXY (G+1./0)
IF(R.GT.RBIGO TO 3
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IBR=12
QRR=Q

RRBR=R
QCRITR=1.3+10.,/ARM

RCRITR=4RM/PI

3 _CONTINUFE
IF(Q.GT.QBYGO TO S
IBnN=12
Qaf=0
RBO=R
RCRITN=ARM/PI
QCRIIN=1.5+30./ARM !
S CONTINUE
IM=0
IF(RBALT.RCRITQ.ANDARLT.QCRITQ) IM=IBG
YIF{RB.l T+RCRITR,AND,QRR.1. T,QCRITR} JM=1BR
MATCHI(Ile1)=1IM
IF¢IM . FN,0)G0 TO 90
MATCHZ {TMs11=T11
90 CONTINUFE

LOOK FOR SPLITS
00 201 Tl=1,NFECHI

RCRIT={SAL(I1)+1.)%%2

_A=FMET1 (171}

B=FMET1 (2411}
C=FMET1 {3571}

DO 105 K=145
IRR(K)=0

105

MATCHL (T1sK+1)=0
RBFE(KY=1.E20D

DO 190 I2=1.NECHZ2

IF({MATCHZ(12+s1) NE,T1.AND MATCH2(1241) . NE.0IGC TO 199 '

DX=XC1(11}=XC2(I2)
DY=YC1(I1)=-YCP(I2)

R=A¥DX#DX+Q8DX20Y +CHDYHOY
IF(R.GTLRBE(5}Y)IG0 TO 190

DO 110 K=1,5
KEND=K

110
115

IF(R.LTLRBE(K)I)IGO TO 115
CONTINUE

K=KEND
KN=6=KEND

DD 130 KZ=2.KD
RBE(7=KZ)=RRE(6-K7)

130

IRAR(7=-KZ) =IRB(6-KZ)
RRF{(K)Y=R

190

IRR(KY=12
CONTINUE

HAVE NOW 5 BEST MATCHES WRT RADIUS, HAVING DISQ. OLD ASSGTS
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K=1

IK=TRR (K) )
TE(RBF (1) 26T.RCRITIGO TO 146 -

IK=IRR (1)
_ARFA=ARFAZ (TK)

XC=XC2{IK)
YC=YC2 (1K)

RB=RBE (1)
DO 140 K=245

KEND=K
IK=TRB(K)

IF(IK.FR.0)G0 T 142
IE(RBE( K} .GT.RCRITIGN TO 14}

AREAN=AREA+AREA2 (IK}
XCN= {XCH#AREA+XC2 (TKY#AREA2 (IK) ) ZAREAN

YCN= (YC#AREA+YC2 (1K) #AREAZ (1K) ) /AREAN
__DX=XC1(T1)=XCN_
DY=YC1 (I1)=YCN
RN=A#DX#DX +R#NY#DX +CE#NY2DY

IF(RN.LT.RR}GO TO 132
IRB{K) =0

G0 TO 140
132 RB=RN

AREA=AREAN
XC=XCN

: ¥YC=YCN
_ 140 CONTINUFE

60 TO 142
141 KFND=KFND=1

142 CONTINUE
DO 150 KR=1.KFND

150 MATCH1{I1lsKR+1)=IRB(KR)
146 CONTINUE

201 CONTINUE
DD-301 I=1,30

DUM=AREA]L ()
ARFAY (TY=AREA2(T)}

AREAZ (1)=DUM
DUM=XCL (1) ~

XC1{Iry=xC2(1I) -
XC2{1}=DUM

DUM=YC1 (I}
YC1(I)=YC2(T)

YC2(I)=NUM

DO 302 K=1.3 -
PUM=FMET1I{K+I) '
FMET1(K+1)=FMET2(Ke1)

302 FMFT2{K+I)=0UM —
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DO 301 K=1l.6

MUD=MATCHL (1K)
MATCHY (T+K)=MATCHZ2 (14K}

MATCH2 (T+K)=MUD
301 CONTINUE

MUD=NECHI1
NECH1=NECH?

NECHZ2=MUD
IF(KTMS.EQ.1)G0 TO 1

K6=6
DO_156  Tl=1sNECH]

IET=TIETN(I1) .
PX=(XCI(I)1)=XI {3+ TETHIIH*TDIFF/(TM-TL{3,IET))

PY=(YCL(I1) =YL (3 JET))*TDIFF/(TM-TL(34IET)}
RD=SART (PX#PX+PY#PY)

IF(RD.LT.3.,)G0 TO 154
PX=PX#2, /R

PY=PY#2,/RD
154 CONTINUE

XC1{I1Yy=XC1(I1)-PX
YC1(I1y=yCl (Y1} -PY

156 CONTINUE

C
c ANALYZE MATCH1 MATCHZ2
c STYART oF UPDATE
c
WRITE(A+7)
T FORMAT (1HO s 16Xs66HIDENTIFICATION CENTROID AREA TOT.RT TOT.
18N STATUS 3
DO A K=1+30
SNUMN (K) =0

D0 850 I1=1«NFECHI1
8BS0 _IF(MATCH1(T1+2) EQ,0IMATCHYI(T1+2)=MATCHI(T]1a])

DO 851 I12=1,NFCH2

_ 851 IF(MATCHZ2(12+2) +EQ+0IMATCH2(1242)=MATCH2(I2+1)
TDENTN(K) =0
IETNN(K)I= O

8 CONTINUE
DO 300 TET=1+30

I1=NUM{IET)
JEF(T1.lF,0¥G0 TO 300

RTOT(IET)=RTOT(IET)+TDIFF#RFALL (11}
c CHECK )-1 MATCHES

IF (MATCHI(T1+2),EQ,0YGO TO 100
D0 10 K=346

10 TF(MATCHI{I1+K).NE,0}GD TO 100
[2M=MATCH]1 {[].2)

IF (MATCHZ2 (I2Ma2) JNELTI1IGO TO 100
DO 11 K=3+6

11 IF{MATCHZ2(12MsK}.NEL0)GO TO 100
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NUMN{IET)=]I2M

TETNN(TPM)=TET
INENTNLIETI=INENTIIIET)

DX=XCP{I2M)=XL (34 IET)
DY=YC2{TaM) =Y {3 1FT)

SPD=SORT{OX=*DX+DY=#DY)/ (TM=-TL(3+IETY -}
ANG=ATANZ (DY NXI*180.,/PT

ANG=90 ,=-ANG
JE(ANG,] Te0ad ANG=ANG+360,

WRITE(A«IO09) INENT(IET) » IET+ACI{I1)+sYC1(I1)+»AREAT(T1}sRFALL(11)

] RTOTLIETY «ANG.SPD

109 FORMAT(IH 316X+ IF¢T493H (sF4elelHyrsFa.lslH)oFT741+FB841aF9,145Xs
1 26HTRACKING M. D FCHO HEADING 3F6.1+11H DEGREES AT  sF4.1ls6H K
TNOTS )

CALL NUMBER(=20.9FYXel o sFLOAT(IET)+41s049=1)

CALL SYYBOL(=18.+FYXsl.92HTR90,452)

FYX=FYX=24
DO 111 K=1,2
KN=4=K

XL(KN+ TET) =XL{KN=14IET)
YLEKNo TET) =YL {KN=1+TET) -

111 TLUKN=19IETI=TL{KN=14IET}
TL{LsIFT)=T™

XL(1+TETY=XC2{I2M)
YL{1sIFT}=YC2{12M)

GO TO 300
100 COMTINUE

c CHECK FOR TOTALLY LOST ECHOES
IF(MATCHLILT] +2) 4NELOIGO TO 200
DO 120 T2=1sNFECH2
DO 120 K=24+6
120 IF(MATCHZ2{T12+K).,E0Q,T1)G0 TO 200 )
WRITE(f+129) IDENTUIET) s JEToXCI (1) YCE(T1)+AREAI(T1)+RFALL (T1) s
1 RTOT(IET)
CALL NUMBER(=Z0e9FYXe] o FLOAT(IET)+ol40sa=1)
CALL SYMBOL(=1849FYXel,+2H{ 090492}
FYX=FYX=24 i
129 FORMAT{1H s16XsI991443H (sF4slalHesFaslelr}sF7,19FB.1sF9.1s5Xy
| QHFCHO t 05T )
RTOT(IET)=0.
NUM(TFTY=0
DO 131 K=1.43
XL{KeIFT)=0.
YL(KsIET)=0.
13) TL (KIFT)=0,
GO TO 300
o CHECK FOR MERGERS

200 CONTINUE
DO 210 K=1e46

MERGN (K) =0
210 MERGI{K)=D
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DO 220 I2=19NECHZ2
DO 220 K=246A

IF {MATCH2(12+K) NEL.I1)GO TO 220
125=12

KS=K
GO_T0 221

220 CONTINUE
GO_TO_300

221 CONTINUE
DO 223 K=2+6

IF(KeEQLKS)GO TO 223
IE(MATCHZ2(T2SeKK) JMFLOYGO TO 224

223 CONTINUE
GO 10300

224 CONTINUE
DO 225 K=2.6

M2=MATCHZ (12S.+K)
JF(M2,FO,0)G0 _TO 225

KS=K
MERGN (K)=TETN{MP)

MN=MERGN (K}
MERGI (KY=IDENT (MN)

NUM (MNY =0
225 CONTIMUE

IDENTN(TET)=100000#TH1+1000%#TML+10#12S5+2
NUMNI(TET) =125

TETNN(I2S)=]IET
DO 229 K=d«6

MN=MERGN {K}
IF(MN.EQ.0¥GO TO 229

M3I=MATCHZ2{I25+K)
RTO=RTOT(MN} +RFALL (M3)#TDIFF

RTOT(MNY=0,
DO 230 L=143

XL AL eMNI=0,
YL (L oMNY =0,

230 TL(LeMNI=0,
IP=MERGN (K}

CALL NUMBER(=20+9FYXeles FLOATIIP }+.140.s~1)
CALL SYMBOL (~1BesFYXslas2HME0.s2)

FYX=FYX=2.
WRITE (64226 MERGT (K) sMERGN(K) +XC1 (M3) +YC1 (M3) yAREAY {(M3) 4RFALLIM3)

1 RTOT (MN)
226 FORMAT({1H ¢16XsT9¢T493H (sFaalelHssFa,1e1HIsF7.19FB,16FF.3+5Xs

1 12HL.0ST MERGED
229 CONTINUE

WRITE (6422 7)Y INDENTNIIETY s IET+XC2(125) s YC2(I2S) »AREA2(IZ2S)
227 FOPMAT(1H ¢+1H%s]99TbedH (sFédylelHasFa,lelHIeFT,1+22Xy

1 20HNEW RESULT OF MERGER )
 CALL_NUMBER (=20 9FY¥XeleoFLOAT(IET Y +e14049-1)

CALL SYMBOL(-18.9FYXsle+Z2HRMs0.92}
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—  FYX=FYX=2.

RTOT(IET)=0. -
DO 240 1.=1,3

XL{L+IFT)=XC2(12S)
YL(L;_IFT)~Y§E(IZ€) —

240 TLA(LSIET)=TH
e300 _CONTINDE

DO 500 TET=14730
TI=NUMCIET}

. IF(I1.,LE.0)GO TO 500
e JEANUMNAIET) W NE S0 GO_TO_500

C CHECK FOR SPLITS
______DQ_BQS K=246 )

NSPL (K)=0

_ 305 CONTINUIE
_ TF (MATCH1 (1152} .EQ,0)G0 TO 400
e DO 310 K=346

T L ST ST

310 IF(MATCHL({IT1¢K) JNEWD)IGO TO 311
GO_TO 400 —

311 CONTINUE
I8=1

DO 330 K=245
IFE(MATCHI (T14XK).EN.0¥G0O TG 330

DO 315 1=IB+30
~JIF(NUMN(T) JNEL,0)GO TO 315

IR=1+1
MI=MATCHI(T1.K)

NUMN (T)=M1
IDENTN(I)=100000%TH] +]1000#TM1+10%M]+]

IETNN (ML) =1
NSPL (K1 =1

G0 TO 330 -
315 COMTINUE

330 CONTIMHE
DO_331 K=1.3 =

XL(K»IET)=0,

- YL(Ks TET) =0,
- 33)1 TL(KSTET)=0.
CALL NUMBER(~20,9FYXs1 s FLOAT(IET) +019002=1)

CALL SYMBOL(=18.3FYXs1,92HSPs0.+2)
FYX=FYX-2.

HRITE(&;BAR)IDENT(IET)sIETvXCl(Il)vYCl(Il)’AREAI(Il)sRFALL(II)q
] RTIOT(IETY

348 FORMAT(IH «16Xs19+14s3H (sFa.lsiHesFbaalalH)aF7.1sFBo19F9,1e5K
1 10HLOST»SPLIT )
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DO 349 K=246 ] _
IF{NSPEL (K} ,EN,0)G0 TO 349

T=NSPL (K) -
T2=NUMN (1)

D0 340 L=1,3 B -
XL (LT} =XC2(12)

YL(Le 1¥=YCR(I7}
340 TLALLTY=THM

CALL NUMBER(=P0,sFYXe1,+FLOAT(I )+.ls0.s-1)
CALL SYMBOL (~1R,9FYX41,92HRS90442) :

FYX=FYX-2, 7
WRITE (63347 TDENTN (1) « JaXCPL12) s YC2(12) ¢ AREAZ(T2)

347 FORMAT(IH 916XeT19«¢I4+e3H {(+Fb4 . lalHesFaale1H)sFT.1022X

— 349 CONTINUE

| 20HNEW RESULT OF SPLIT ) -
RTOT(I)=OO i -

GO TO 500

—- 800 COMTINIE

CALL NUMBER(=P20.aFYX3]1,sFLOAT(IET)+e1904s-1) -
CALY SYMRBOL(—=1840FYX9},92H1 050.+2)

WRITFE (A9 120V INENT(IET) « TET+XCI(T1) 4 YC]{T1)»AREAL(T1) sRFALL (T1)

1 RTOTCIET)
500 CONTINUFE

c

LOOK FOR NEW ECHOES
TR=1

DO 700 I2=1sNECHZ } =
TELIETNNILR)Y o GTL 0G0 _T0 70D -

DO &S50 T=1R.+30 :
TEANUMNLTY JGTL0YG0 IO A50

IB=1+1
NUMN(IY=12

TETNN(TZ)=1
INDENTN(TI=100000%TH1+1000%TMl+10%T2

RTOT(T1=0
CALL NUMBER(=204sFYXs1,+FLOAT(I J+e1500e0=1)
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CALL SYMBOL(=18,9FYXs1lae2HNGeO,92)
FYX=FYX=24

WRITE(G+662) INENTN(T) T+ XC2(I12)sYC2{12) +AREAZ(]2)
662 FORMAT(IH ¢16Xet94]493H (oFb,1l9lHssFh,141HIsFTa]le22Xs

1 BHNEW ECHO )
DO A70 K=]+3

XL(KsI)¥=XC2(IR)
YL(KeT)Y=YC2(IP)

670 TL(K+I}=TM
GO TO 700

650 CONTINUE
200 CONTINIIF

DO 750 I=1.30
IETN(TY=TETNNLT)

IDENTL{TY=IDENTNI(I)
NUMET)=NUMN(T)

750 CONTINUE
DO ROO T12=] «NFECHZ

IT=IETN(IZ)
FN=FLOAT(IT)+,1]

CALL NUMBER(XC2(I2).YC2(I2) $1esFNsOas~1)
800 CONTINYUE

RETURN
FND

(Draw Box around display)

{FORsSI s.SURSB
SUBROUTINE ROX (IMNs«. N}

COMMON/PLO/TBUF (1024}
Call _PLOT(0e90pe=3)

FJIN=FLOAT (UMY -1,
FIN=FILOAT(TN) =1,

CALL PLOT{(Z+e2.s 3}
CAlLL PIOT(2,9F INs2)

CALL PLOT(FINsFJIN+2}
——_CAL)L PLOT(FINs2a43?)

CALL DLOT(EU 92-930.)
car) PLOT(FIN+30a90,0=3)

RETURN
END
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(Echo Pen Tracing)

[FORYSI s.SURLO
_ __SURROUTINE FOUPLO{(COEF «NHAM«K49PERT s JRORDSs IECHs TNDs JND)

DIMENSION COEF {NHAMsK4)
COMMON/PLO/TBUF{1024)

FIND=FLOAT{INN} -1,
FJND=F1 QAT {JND) -1,

JD1I5=5
PI=3.1415%22135

IEND=JUDIS*PERIT
IE=IEND

IPEN=3

IBEG=]

DO 4 I=IBEG» IEND
Y=COFF (193}

X=COEF (1s1)
DO 3 N=2sNHAM

U=2,,# (N=1)#PI#I/FLOAT(IE)
COosuU=Cns (L)

SINU=STN(U)

_X=X+COEF {Ny 1) #COSU+COFF (N2} #STNU
< Y=Y+COEF (N9 3)*COSU+COEF (Ny 4)#5TNU
CONTINVIE

IF (Xl TeZeoORKeGTAFINDGOR,YoeLT o2+ ¢ORLYGToFJIND) IPEN=3
CAlL PIOT(XsYeIPEN)

IPEN=2
CONTINUE

RETURN
END
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(Draw Raingage Network)

SURROUTTNE RGAGE
COMMON/PLO/TRUF ({1024)

DIMENSION FIX(8)«FIX{R)sSX( 9)aSY( 9)4CX(8)sCY(B)+PX(6)sPY(6)

DIMENSTON OX(16}+0Y{16)

DATA/FIX/124641143012,191241913,6415.1913.8+13.9/
DATA/F IX/27.5426.6426,3925.0926.0427.0+27.0928,3/

DATA/ SX/46.64¢45.024140,2945.2344,5042,3443,2+42.T941.5/
DATA/ SY/4) 4003907441 .004]1 04942 ,8082,7+81.9941.1+439,7/

DATA/ CX/36:4+3842+40.1140.0+38,8438,2+36.,2936,.7/
DATA/ €£Y/20,242043+20,0+18.5419,6+18.8519.3+18,3/

DATA/ PX/5545¢5741454,1355.9953,5:54.8/
DATA/ PY/524225122450,Re4F:6349,5+47.R8/

DATA/QX/62eF96122058,7¢58.7953.5153.5+14745947.5
1 ’46.5!46.5!‘!3-5.43-5944.5'44.5’57.5’6209/

DATA/ QY/30.3427.4427.4928,5+28,5+28,1+28.1+29,1
1 929,1935,0435,0937,5+37.5+38,2+38.2130.3/

IPEN=3
SE=P+5K7

DO } I=1.8
X=FIX{1} +1

Y=FJX{1)+1l.
CALL SYMBOL (X+YsaSslH]e04.91)

DO 2 I=1.9
X=Sx(I1) +1.

Y=5Y (I} +1.
CALL SYMBOL(X4Y9+e541HSs0,.+1)

DO 3 I=1.8
X=CX{I1) +1,

Y=CY(1) +1.
CAlL SYMBOL(XeY3eS5s1HCs0asl)

DO 4 I=1+6
X=PX{[) +1.

Y=PY(I) +1.
CALL, SYMBOL{X+Y+e5s1HP40,91)

DO S I=ls+16
X=0X{1) +1.

Y=QY (1) +1,.
CALL PLOT{(XsY+IPEN)

IPEN=2
CALL _P1LOT(48.84+29,08 )

RETURN
FNn
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